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GROUND-WATER RESOURCES OF THE
DAYTON AREA, OHIO

By STAXI*V E. XUHHK and Axwutw M. STOKER

TJac «f gronnrt water la Dayton and ttnTirons, in aonttrwaatara, Ohio, amonntart
to 110 mud (nilliua gallon* per day) in 193ft or about one-fourth of the State's
total we of Uila resource. The Dayton ana la bigfaly IndnntriaUied and hue
a rapidly growing population of about 400.000. which to expected to doable by
toe year 2000. Indmtrial and commercial growth alM are expected to confliroe
at a high rate, as la tbe »«>«~i*«* vie of ground water. Concern OTM the
ground-water attnatJOB at Dayton and tbe mml fur determining whetber the
aourcea of ground water arc adequate to meet the anticipated future demand
led to tb* intcaUgation on wtrieh thi» report li baaed.

The area covered by ttt* report iuclndw tbc city of Dayton. trldCb llet gt the
coofloence of the Mad Rlw. the SUUwater BWer, and Wolf Creek with the
Miami StTer: the report «l»o Include* that part of tint Mad Elver valley extend-
ing from tbe mouth of -the rtrer nnrtbeattward to Huffman Dam. a dlntanee of
about Sft aile*. and that part of the Miami Btoer valley between Dayton tad
the mouth of BolM Creek abootSH miles «noth of the dty.

Tbe principal atreams la tbe Ddytnn ana, flow in wide vaUtya, which w*r*
cut deep Into r*lafi>-ely impermeable bedrock -by preglaeial •treanu «tnd partly
nVed by glacial dcpotltUm of nand, graTrt, and till. The glacial deparitM ramc
In (blckncn from 190 to 290 fwt and eonaiit generally of an upper and a
lower Band end graYd. aquifer, erne* about 30-T5 feet thick. The upper aoulfer
IN extMwiTCly pumped only at the Botirera, Inland well field of tbe city of Dayton,
whom water lento .are kept hltfi by artificial n>Hiarge. ELwvbere. tbli aqol-
fur. In not -dileV enough to allow mfflc<ent ilrawdiHvn for the d*»«4opinent of
hlRb-caparitj- wella. The aoolfen are separateA horiicmtally by a tm-rteh
•one, wnleb occurs aa an ar«nll>- extensive layer of tin or aa doaely aaaociated
till IcMca and mum. Tote tOl-rich ione, which range* in thickneas from 10
to SO feet, and tvhnce top IF from SO to 75 fe«t below tb* Mtrtaw, IH poorly perme-
able and eoaflnee water In tbe lower aquifer under artMinn pressure. Recharge
to the Inwer aipilfcr, in which moat weRa are screened, occur* largely by Tertical
leafcane tbroagfa the tin-rich nine. The anuUbiHty of ground water IK not
prewBtlr limited by the rate flf leakage throogh the tin-rich noe. mt tbe differ-
ence betwwa the piecometrlc or jjre»minvlndtflatlng •orface of tit* lower aqntfer
and th*> water table hs tbe uipper aqntfer la mrtrhm greater than ftbimf 2& feet
The tni-rlch «9ne la locally obaent. When* ft 1» iilweot. the two aquifurt are
hydraollcally connected.
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INTBODUCTIOX 3

teflltration. Water<eapnlr development tn the area, u a whole i» near lt« prac-
tical Hmit nnlea* the rate of recharge ean be increased.

Pampage Cor indnatrlal and public nppty average! abont 25 mgd fa the third
major an* of concentrated pumpage, which center* at a point about 2 nfhm
aonth of Dayton. Ground-water levela have not been lowered excea«tv«iy hi
thia area and additional large rappUes can be developed. Favorable recharge
conditions result from a relative!? blab rate of stream infiltration and. to a
toner extent, from the pramce at permeable kame depotdte, which form a group
of bfarb bnhj atone the eait aide of the valley and contribute much ground-water
runoff to the valley-fill depoaua.

Orovad water la tne Dajrton area, which U in a llmerto»e terrane. la nigh la
caletam and magmaiajn; the range of hardnew a* CaCOb at 44 •amptea analysed
li iWB-Slft ppm (pam per mfflion). UK iron eontenL 0-85 ppoi In the Mmplea
aaalywil, la tzoaHeMiBe. The Iron problwn 1* Intensified by the pnwence of
IroD-precipUatlnf "bacteria" to many well*. Chlorine treatment Bsoally la re-
quired for Ibe control of mob organiaaa,

Tbt dn&and for ground water In tfae Dayton area li eatfrnated to rlaa troen
the IBM total of 110 mfd to at leait 140 na4 by 1010 and to at leaat 20O mad by
the year 2000. Thte laat quantity ia nqn than can be developed In the area
under nitnral eoodltlona, and an Increaaiac Incidence of local water nhortages
la foraeut nnleaa a comprehenrtTe plan to evolved far cometrlnj water and
Increealnf the rate of infiltration to the aqulfen.

IXTBODUCTIO-

7TJBKMB A&D CCOJPZ OV TSE 1M V JBl'IOATIOB"

The availability of ample mippliea of water bos been vital to the
growth and industrial development of the Dayton area. Ground
water, because of its purity and low temperature, has been of special
vahie to indnatry, and comparatively few cities in Ohio are ao abun-
dantly endowed with ground-water resources as is Dayton. Nature's
provident* is reflected in the fact that nearly one-fourth of the total
quantity of ground water used in Ohio is pumped from wells in the
Dayton area. Tlifr Dayton municipal water system is one of the
largest hi the Nation where the entire supply is taken from wells.

The use of ground water in the Dayton area has grown enormously
in recent years. Figures compiled by the TJJ5. Geological Survey in
1946 and by the Water Conservation Subdistrict of the Miami Con-
servancy District in 1054 reveal an increase in water nae of about 40
percent in the intervening 8-year period. Indications are that the
use of ground water for industrial mid municipal purposes will con-
tinue to expand in future yean. Forecasts by the Presidential Ad-
visory Committee on Water indicate a probable doubling of the Na-
tion's current demand for wnter for industrial use by 1&75. The
increase in water use at Dayton may b» substantially above the na-
tional average if recent trends continue.

Although the demand for water will almost certainly increase, the
supply is limited. Even prior to the drought of 1953-54, when com-
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paniively littla alteatioa was being pud to water supply, some
ulaanui speculated that the growth of Dayton might. be stMtted
«mmally by the diffeslty of obtaining water ecoBomkally. Thee
ohssifsu pointed to the fart that local shortages already bad devel-
oped; SOBM walk Bare been abandoned, and a few hidaalrial plaata
appeared to hare reacted the maximum practical dexelopawnt of the
ground-water resource* in their respertire areas. Fear* of a wide-
spread water shortage became more widespread during the ensuing
i-jaar diuagfcc and w«ra inteaafled aa water la*ala in observation
wells dropped to record Iowa. Public officials sad repreMBUtmi of
indnatrj aliln bernne oooeerned. Various plans to conaeine -water
or to retharfa aqajfer* were proposed : the principal plan called for
ib* eonatructMB of control dun* and rct«rdinf baaina it tb* bead-
water* of the major tribataxr atmaai to provide for incnaced drj-
wcather flow ta the MiaaiiKivcr. Inoreaatd overflow dnrh^ drought,
it waa aaaertod, woald roaJt in more recharge to the groaawl-water
raauiniiii. Ijaliaialii dredgaag of the stream channak in anas of
hamrj paaaphig aho was pmpoaed as a laeaaT of iiKKaaing the rata
of mfihratitai to taa •aderljing aqaifara.

*n>«, alarai cmosed by die drought and concern for the futar*
naulted in the ereatkn, ia IKS, of tae Water CoBserraiioB Sobdu-
trietof tha Miami Gaoaemncy Diatrirt, vhich waa to atndj the faaai-
hifityof ronstruetimg control duna, Tbt Subdistrict ia 1936 retanaed
a board of ranaohaato to ascertain the benefits or liahiRtiBB of the

Ttta loaiukanuL after «ilix^y basic hydrologie data aad
wl experiment* with artificial recharge, reported that

the base flow of tn* Miami River wooM am appreciably
gitnavl-watrr recharj;«. On the rontrarj, they foaad that

tadawtioa of Uw peak flows neeeaaary to atore water for aagmenting
low flows woald inhibk rerhargc, inaanneh aa atost inflhratinn occurs
dwring flooda Thin if flood peaks are reduced, so Is Btoeh of the
Tcdiarga*

IB 1958 the Water Ooo»mrat->on Snbdistrirt entered into ooopera-
tion with the Rrsoeh of Grooad Water of the U-S- Gralaapcal Swrver
to condact the hiveatif^aD farming the basis of ibis report, whose
objective is a romptrheurrc re^ne* of the problems of greater Day-
tan^ graoad-wmtcr sappljr, wkh particalar emphasis om fntme water
refaimnenta and how they can best be met The scope of the report
mdvdes a detailed study of the geology ami hydrology of the princi-
pal aqaifen, a history of ground-water pontpafe aa related to water-
krral ttoida, a renew of the quality of ground water, and, vat less
m hnportanee, aa aatiatate of Deytoa's fatars water needs baaed on
a eontinoariaB of prtsmt growth of population and industry.



No report is "final" inasmuch aa ground-water requirements are
constantly changing and ere difficult to predict. Thus by 1975 the en-
tire problem may have changed, rendering the present interpretation
as obsolete as the old Miami and Erie Canal. It is the authors' pur-
pose to present, firet the facts, and second thei r interpretation. Wheth-
er or not time afccra tlte validity of the interpretation, the facts stand
as a base for any future investigations.

PBXVXOTO 1BIV Afl'IQAT103I8

The glacial-out wash aquifers of the Dayton area, hare beeu described
in several reports covering various phases of the geology and ground-
water resources of western Ohio. Fuller and Clapp (1912) reported
on the Dayton area in their reconnaissance of the ground water of
southwestern Ohio. Fnerste (1&15) wrote about the geology of the
urea and briefly mentioned the ground-water resources. Stout, Ver
Steeg, and Lamb (1943) included a chapter on Montgomery County in
their report on. the geology of water hi Ohio.

The most complete investigation of water resources of the Dayton
area made prior to the present- one was written by Norris, Cross, and
Goldthwait (1948) ; it covers in much derail the geology of the con-
solidated rocks and of the glacial deposits and provides data on the
hydraulic properties of the aquifers, yields of wells, water quality,
and streamflow characteristics.

Walton and Scudder (1960) studied the ground-water resources of
the valley-train deposits m the Fairborn area, immediately east of
the area of this report.

Morris (1959) studied in detail the hydraulics and hydrology of the
vally-fill deposits in the vicinity of the Dayton municipal well field
on Bohrers Island, in the Mad River valley. THg report, a byproduct
of the present investigation, describes the separation of the vaUey fill
into two aquifers by a clay-rich zone and gives tho rate at which water
leaks through this semiconfining bed to the lower aquifer.

Streamflow characteristics have been determined by a systematic
stream-gnging program, maintained for nearly 50 years in the Dayton
area by the U.S. Geological Survey, in cooperation with die Miami
Conservancy District and Ohio Department of Natural Besaonrces,
Division of Water. Flow characteristics have been tabulated and dis-
cussed by Cross (in Xorris and others. 19±S: Cram and Weber, 1950;
Cross and Hedges, 1959). Cross (l&f>0, p. 80-82) also gave a sum-
mary of the history of surface-water development, which centered
around the Miami-Erie Canal system.

The dieaKtroDB flood of March 1913 and the formation of the Miami
Omservancy District and construction of five flood-control reeervoint
in the Dayton area were described by Morgan (1951).
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nnammtL AVD ACDRN
Thb investigation wa* made under the supervision of theaenior aa-

thor. Ooopereting agenciea were the Miami Conservancy District.
lepmnafad by Max L. MHcbelL chief engineer, and the Ohio Depert-
•anfc of Xetnnl Beaource*, Drririon of Warer. repreeented by C. T.
Yoongqaasi, chief. All water analyses were made in the CoJoathus
laboratory of the Tlnach of Quality of Water. XJ.S. Geological Survey
•nder the saperriaioa of G. W. Whetatone, district chenuat. Data
on atreaaeV>w ware provided by the Branch of Surface Water, U.S.
Geological Surrey, repreaented by L. C. Crawford, diatriet engineer.

A eeanmo-refraction surrey to determine depths to bedrock wa* awde
in die apriag of I960 by R. M. Haxlewood of the Denver oCce of
Braneb off CieophysJea, UA Geological Survey.

Mr. Robert E. Baemelin of the Miami Conaenrancy Dbxriet col-
lected much of the baair data incorporated in thia report and periodi-
nuy eaveted the anthers m mejcing water-level mm*||HBi'aBi>

The authors regret that all the industrial and mnnxapal representa-
tives who fondahed informatics for the report and cooperated in other
waMcannot be mentMMd here. The cuutrlbatiunaof •a^aiaLhoapewr.
aartam- apanal aaantion. Mr. John E. ilachlnnan of the Balph L.
Wonbpert Co* ConsaJriag Engineers of Dayton, fonuahed most of
the information concerning the wef! fields of the \frail£iaa<ij County
Sanitary Pepartaiaaf including results of several pumping teats his
ftraa had made. The firm of Schaefer & Walton, ConsaMng Ground
Water Hydraiofiats, Columbaa, made available all the beak data of
a. pvmpiag teat at the Miami Biv«r well field of the city of Dayton.

Meaan. W. T. Enfert, director, and Robert Stoat and Charlea R.
Stool, of the Dayton Water Department, supplied most of the in-
formation cnoceraing the Dayton municipal well fields. Meases. Loyd
C. Haflman,eeantary engineer, and Earl Riber and Kenneth Hilton, of
the Montgomery Coaarj Sanitary Departntent, ware meat cooperafaTe
m providing information.

Meaarv R. C Webater, Glenn L. Herbst, and Gerald Doig of the
Dayton Powar A Lajht Ox, F. Kl Werner and X. E. Sideo of the
National Cash Regjater Co, and G. K Miller, E, R Oda. and Doyfe
Mavawrtof theTrigidairc Division of General Mbtora Corp. provided
information regarding the MSB of ground water by their reapective
radastriaa. The aafhon are gratefnl to the many wall driQeta of the
Dayton ana who made information available. G. M. Baker A Sons,
Infc, Mean day P. Garriaon. Ebert Ilays, r^wia C. Herman, A. E.
Lotta, the Uya^Ohio Co. Measn. O. O. Tegg, and Donald J. Roe
ware among thoae drflkra nwet rreaaeatly conanlted. Mr. Boe. of
Vandalia. Ohio, was eapetialty helpfal in providiag i
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ray logs of wells be had drilled and in giving information on pumping
tests he had mode in the Dayton area.

Mr. Wilbur Cotton, formerly executive secretary of the Miami Con-
servancy District, was instrument*! in providing support for the
investigation.

Finally, the authors express appreciation to Mr. O, B. Koemelin,
vice president of the Dayton Power & Light Co., whose untiring
efforts as chairman of the Witter Conservation Committee of the
Dayton Chamber of Commerce led to the formation of the Water
Conservation Subdistrict of the Miami Conservancy District and
ultimately to the anpport for the present cooperative investigation.
Mr. Reemelin has been instrumental in fostering and maintaining
interest in water conservation in the Dayton area. It is not an over-
statement to say that his internet in Dayton's water problem was the
largest single factor in making this report possible.

JLU'lLOM Or ill V BVTIGAXXOV

Daring this investigation, records of 458 wells were collected and
these wells were located in the field. Comprehensive inventories oi
ground-water pnmpage in the Dayton area were made in 1955 and
1958. Water levels in about 60 observation wells were measured in
1055 and twice annually in 1056, 1959, and I960: and contour maps
were prepared of the piezometric surface of the lower aquifier. The
results of seven, pumping tests were analyzed, and chemical analyses
of 44 water samples were made.

The presence of widespread sheets of till interbedded with the valley-
train deposit* led to the use of several specialised criteria for their
recognition. These criteria are described in detail under the heading
"Specialized Investigations! Techniques."

WKT.T— — . . — J»H»w mlA ffTVfXJE

For purposes of well numbering and the inventory of ground-water
pumpage, the Dayton area is divided into six districts. (See pi. 5.)
Privately owned wells are assigned numbers by district according to
the following plan:

IKltrlct WclfJTM.

Central 1-100
101-200

... 201-100
801-400

._ 401-600
601 and wp

All privately owned wells inventoried in the preparation of this
report are listed in the section "Records of Wells in the Dayton Area."
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PuUie-enppiy wdh retain die number* original^ designated by
waterworks oJBjeiahv Welte of the Dayton Menicipel Water Depart-
•ant tn dseigimtvd by the prefix C, welb of the Montgomery Coemy
Sanitary Department by the prefix M, and weQs of the Oakwood
Water Works by Uw prefix O. Tan weU» drilled by ike Dayton M anie-
tpal W«l«r DepaittncBt are given tbcir original nvmberprefixed by the
letter T. All pshCe-sepply weJh inventoried in the preparation of this
report are listed in the section "Bocorda of WeUs in the Dayton Area."

Obneoaiiuii wiDt In ^itmtpomerv County wkoas wnotda arc main-
tawcd by the Ohio Dirmao of Water in cooperation with the 175-

Sarwy are desigaated by the prefix Mt. TheeBobaerration
velh are ami tiat«d in Uw wrfl-rroords sectto* but are described in the

. "Hydrogrmpha of Observation Wella," bfghming; on p. 119.

1880 praapage at the Dayton iratenrorka amoanted to about 1
(mfllioa gaUaaa per day), and total ase of gioaail water in the

D*vum area, inchidiay that irom phTau wells. » etf inwted to have
beaa mo more than doable this amount. By W58, ground-water pump-
ag9 for nnmiapeJ, indnstrial, and commercial «e in the Daytoa ai
had increased to 110 mgd. Tleae pvmpage figaras, aapararcd in
by no Bore tbon a hvaMB liieapan, document Che grovth of Dayton
froaa little man than a eoonrrj Tillage to a vast coaspfcv of fa
«CORS, bomea. auporta, and oriier components of a
Water in aimsrfanee and at low east was essential to this growth, amd
it it fafly as essential to the preservation of Today's industrial eoonoany.
DaytcDs amtinued growth depends o« rKe oonnnned availability of
ever larger qoantiDsa of pure, clean wstrr. Truly, siodarn dvilimtion
hasas) iisariahls thirst

Ftosa the hrginsms; of iU urttlemsn* by a snail band of ptonerrc,
who in 1TN diisaabaikiil from iatboam at the confluence of what then
wcrs eonaidered three navigable rivers, warer has been of

and concern to Dayton's cituena, Darinif the town's early
jean, attention was directed ehkfy to surface-water souvees of sup-
fly, to the bejldmg of tntlMams and levees, and to the use of the rivers
far liassportatxn.

The Miami and line Canal im 1829 linked Dayton to the rest of tfce
world, by way of Cineienari, as dunngurated Dayton'* Gist significant
growth. Canal trxfio rescned ha peak abcrat 1850 and then began
its rapid «*iyl'»Tt which was coxneident «rith the growth of rail tnu»-
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The first well dug in Dayton was on the Newcom lot at the corner
of Main Street and Monument Avenue, according to the Reverend A.
W. Drnrj (190», p. 526) , who stated that :

1ft tbe gravel! underlying the original «lte of the city of Dayton and within
a to* feet of tbe aurfane an abundance of eocH, wholesome water waa reudll?
aecurcd. * * • wcllK. both public and private, were sank In all parts of tbe
original iilau ManjrtboQgbtthatno other prortrious would b* nece*Miry. Wben
larger need* began to prcwwt themaelres, attention waa Luined to Mod Rfver
aa a aouretf of rupply. The dear, rapid current of thia itream, with a full double
that at tb* Miami. wa» well calculated to capture the imagination find iaapire
the flrat eltorta In wcorlnc an adequate wat

Reverend Drury wait on to state thnt as early as June 2, 1826,
tbe common cooncfl paued a neolutton i«a.aMitin« Mr. a Brabbam anrt 3Ir. V.
W. Vaa. Clere to mrny and aiwenatn tbe practicability of coBwcjinc water from
•on* point on t)M 3tod Ittvec into the town of Dayton.

Events evidently moved slowly, however, and according to Reverent!
Drury not onlil March L 1S45, iras the Dayton TTaler Co. incorporated
nnd authorized to "dig irwicJics. lny pipes, and in every way n«c««a.ry
install a complete plant hy which should be secured good and whole-
some water from Mad River. n Despite this mandate there is no record
of anything having been done ; likewise, several other efforts to provide
a waterworks between 1845 and 1899 failed.

Bj the ISCO'E, however, it was recognized that many shallow wells
were 'being contaminated by tlte effluent from cesspools dog in tile saiue
snnd-und-gravel formation. Hie need for sewers led to the establish-
ment in 1868 of the first board of health. In 1869 a bond issue for a
waterworks was passed by the voters. A committee was then formed
to make recommendations for a water system : Conorer (1932, p. 527)
reported that:
the Committee favored the "Holly •yatom" or direct prwwnni (no Jtaodpipe)
•yftern. Council leaned crwmd at Dotoit and Beacon atr«etn, mid In September.
1866; renk two w»U.% each 25 feet in diameter. Tbww were oneatitf Mtory and
the council pnrcbawd two aem at the coiner of Keowe* and Ottawa Street*

Wells ware sunk at the new site. Convver reported (1932, p. 527-
528) that:
!• 1AT1 a long trench waa made In the ricinity of ttK welli to §*rre as a
rewrrolr, but within a r*«r it waa found Deoos«nry U> BMk« M dfrect connection
with 3fad River in order to aecnre a eafflclcnt rapiily, an wttennve filter of frtard
batef relied opoa to ctclnde all iapuritlea.

In 1874, « ntry dry year, the water eiqiplT prond ineinBefent and the water
of Had River waa turned into the eftrvtce pipe without mr attempt to filter tte
auna. Thli fimiBtf«* eooUiiimt from July 16 to tbe latter part of September
Tbe gallery nitration «y*tem proved to be a failure and large won* afcerwarrt
auak falted to neet reqnlranenU.

m-oi8o — M - a
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ear* alma to abaataat canto erf put water *wn»

Many of Daylong earlier eiriaens recogniaed the xebxtiaMuip be-
tween yrnnad water «nd the geology. Writing in the 18*)'a. Steefe
end when (l«8».p.8S) «tmi«d.

t •? tar awraacacn derived fiwa tae ;
i ia tbt acataaa* >t aflwrt*. It ilauMt abrialaB UK arnaiHT of

î umaia the Cttr, *t • 4cptk oC a «nr taH. roaa a tuaaraat

that tapaTtaflTtaeatywHI watn-iiao l«n>et foaeUerei wH>i>aiBif. iae CUT

A mow complete mlerpreUtian of the gwilagy wms written by
Conorer (1142. p. 214).who reported that:

u Car •
TaDer*

•t«r

pnt <f dajv taycntawv t» ••Is. IB ttc
of tb* eta? U fira«m • t» 1W IMC tatav the

Akow* thi» da/ foot ai« ca* Krata of gia.»«i aad laaC !•
of water ready la be tavacd fbr taavaM of a«av

Tfc* "clay floor' to which COBOVCT referred ie A* top of m ezte»-
dve tin depoait wbick gmenRj aeparatg* the tead iad gntri de-
pojite into en apper and a lower aquifer. Eridottlr, Oonorer was

of tlte m-iatemje of the lower aquifer, in which meet wells
• then emne of the •nmkipel welk at Dayton now em m.twmuA

with knowledfe of the geological aspects of DaytoalB fcinead-
i the eenel profnoetiemtian* of the "iecihenatiMe"

of thai ritel reKwrce. Sceele f 18W, p. i!4) wrote: "TW
Mpph/ SBBBBI ipezhejodble; however, saoeld die emwrmg popolation
in the fetere leewira more water, additional weUs can be added to the
pleat • • • the watenrorfa will (eoon) hare i capacity of 17 rngL"
Aiwther eocowat (Oooovcr. 1982, p. 414) stated: "Probably nocity «a
the eomntry « more highly favored then Dayton with an abundant
•apply of pure end ddwioa* water. The wells are practical!? in-

In 1996, C. n. Paul, an engineer, stated in a pofalieatiom of the Day-
ton (.•haaher of n»nii*fe* that: '"Not only is the pgBetnt eopplr ade-
qoavB fer eone tsaw to inaii, hnrt ondevdoped water resoarees, easily
avajleble, are controlled by the City, and the aearch for en adeeeate
water aipply wiD aew be oae of DayuatV probleaie. For and in
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dustml city this is an asset whose value can hardly be overestimated."
Paul made this statement when ground-miter pumpage in the Day-

ton urea was about 40 mgd. a little more than one-third the 1968 total,
It is Tmlikely that Paul or anyone efae in the 1920's, and certainly

no one of B. generation before him, could have foreseen, the explosive
increase in the rate of industrial expansion and in water not that has
characterized the Dayton area in. the past 20 years. He and his
predecessors, therefore, may be excused for their unqualified optimism
at a time when very rev facts were available as to the amount of water
in storage in the aquifers and the rate of natural replenishment,

And no it has been m this country with resource after resource —
timber, miner*! deposits, fertile soil, and wild game— to cite better
known examples; the initial concept is that their supply is "inex-
haustible," Only when actual depletion or sharp conflict between
users becomes grim reality do the citixeiu bestir themselves and begin
accurately to evaluate and conserve Nature's bounty. We owe it to
some of Dayton's leading citizens, notably Mr. O. B. Reemefin, for
pointing to the urgent need for an evaluation of oar ground-water
resources. Only when facts are at hand can this vital resource be
intelligently developed, managed, and conserved.

GEOGRAPHY

XOCATIOY AXD AB£AL BXTXKT

This report considers the greater part of the Dayton metropolitan
area, which is in the eastern part of Montgomery County. A narrow
strip of the report area lie* along the west edge of Greene County
(fig. 1). Dayton is in the southwestern part of Ohio, about 50 miles
northeast of Cincinnati and 05 miles west of Columbus. The report
ana covers about- 175 square miles, is rectangular, and comprises
parts of six 7%-minnte topographic quadrangles: Bellbrook, Dayton
North, Dayton South, Fairborn, Miamisburg, and Trotwood.

TOPOOKAVHY AVD DBAZ3TAKE

The Dayton area is in the Till Plains section of the Central Low-
land physiographic province (Fenneman, 1938, p. 499-518). The
land surface is flat to gently rolling and is at an Altitude of &00-
1*100 feet. A mantte of glacial drift overlies the bedrock. The
principal streams— the Miami, Mad. and StiUvrater Rivers— are en-
trenched, and their generally flat flood plains range in altitude from
710 to 780 feet. Hie downtown part of Dayton is on the flood plain
of the Miami River at an altitude of about 740 feet Locally more
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OM»u* tk*

praoorad raliaf u the- malt of kunw and
cfapoaiMl by tha WMConrin 'we ab«t

TW «n« M kTf*Jr in tb« dnmag» bwn of the Hiwni Bivw.
Ldll* BMTVT Crtek. a tributary of the T.ittle Miami Bmr, dnina a
rr.,11 put of the city «rf Ketunug, «rkich is a the saatlMOtoR p«t
of the UM. The pnocip*] triboUrin of the Miami Knr in Aft
Dajtctt an* an the Mad Rmr, StiUmter BiTcr, Wolf Greek, amd
Hokb Creek.

LTX

Tto Dayton aim hM • Immid tcmpcnte clunate, a
taMpentan of 58.7T, and a meui «nDal preapkatko o*
inebtt. Normally precipitation i» distributed evenly through tke
vnr. The awnffi data of the first freezing lenperatiue m tfce fall
'if October 21.mndU»tofU»l»atiathe «prinjr • April 30. Thus
thftarenjccknfltiiof IbegroTOg «non is above 6 mootlB. Tempera-
tan otrcntM am ram and of ritoft dnnika. The mend hi«ti
tamperarv* *» 108*F, i« Jahr 1901, and th« iworf low
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h -28°F, in February 1809. About 1 year in 10 has temperatures
above 100°F and 2 years in 8 have temperatures below zero. Snow-
fall is moderate: the maximum recorded accumulation is 16.5 inches,
in January 1918.

Plate 2 shows the monthly precipitation at Dayton for 1942-60,
the period of water-level record in this area. Detailed information
on climate ia available in a report by Karris, Cross, and Goldthwait
{1948, p. 6-9) and in the publications of the UJS. Weather Bureau.

yOPUIiATIOIf, iJlj^UlTAZ, AXD **«.«'**iMVM'A'P.ai.

The population of the Dayton area is about 302^00, according to
the 1960 census. This figure ia approximate because the area includes
fringes of townships bordering those here listed, whose population
makes the actual total slightly greater than ia shown. Dayton ranks
as the 6th largest city in Ohio and the 49th largest in the United
States.

Table 1 shows the population trend of the Dayton metropolitan
area for the period 1930-60. It can readily be seen that the suburban
area has grown relatively faster than the city itself. It U estimated
that by the year 2000, the 1960 population will have doubled.

TABU 1.—Pcpubtoft ej 0* Doffn ana, JMO-40
MO MB 0» tm IMS

Montflomay Coonty. 200,532 278,481 295,480 308,441 527,080
Ana of rtport:

GKrof Dajrton__ 152,560 200,0*2 210,71ft 243,873 263,332
City of XeUerinff (for-

Blfla^y v sVL ^vUFBA
Towntfaip) 7,218 11,271 10,442 22,200 54.462

City of MorainB (for-
morty part of Van
Buran Tqwhip).- 2 M3

City of OakwtxxL " "l.473 "6,"494 "?, M2 " 0. (01 10,493
HanriMn Towwhip 7,680 R,WW> 12,669 27,974 28,996
Mad Hiv-wTowniip... 3,283 4,371 4,642 17.&SO 3.1,644

The Dayton area us one of the major industrial centers of Ohio.
In 1960 there were 738 industrial firms in Montgomery County,
about 6T5 of which were in the area covered by this report Among
their principal products, valued at $875 million in Montgomery Coun-
ty, are automobile equipment, refrigerator* und air-conditioning units,
cash registers and related business machines, electrical equipment,
paper products, books and printed material, robber good&, machine
tools, and precision instruments.

Industry has a long tradition in the Dayton area. Since 1010 Day-
ton has been a center of the automotive industry; in recent years the,
emphasis has been on automotive parts. Much of the industrial
growth of the city can be attributed to its proximity to both the
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of raw materials awl UK markets. The excellent water re-
of the area haT» enabled Dayton to sastain a higrh fcrel of

ndoauisl actimy.
The Dayton an* is provided with exreUent transport facilities.

It is on the finet of the Baltimore £ CHiio, Erie-Lsckawwina, New
York Central, and Pennsylvania Bailroad? and H served atoo by
American, Delta, Lake Central. Trans World, and United Airlines.
Th» area is aerred by 9R motor freight lines and 9 amor busline*.
Several major State «ml Federal hi^h-waT* link Davtoa. witli »U
nearby netropoliran centers. Borne 73 of the neir Federal internal e

aj syxeBi pa am* taroaigtt Dayton, and Iittcntate Bovte TO
i T milea north of Da jton .

By far the aaoat abundant mincnJ reaoareea arailable in the Davton
areaaragraval aad aand.ooam»erciaJ quantities of vnkk are available
almoat ererywhor i* 4be area shown oa plate 1 aa "Glacial ouhnsh/*
Of special iuteiea is tke larjn urea of kvaw moraine whet* smnd amd
gravel eaail; out he iejao«d from hillwdea. Many large aand aad
gnrrel pits are kmted m all direcriotu from the torih-«p central dis-
trict of Daytoa.

I iimatnnr u anflablr but ia not now qairricd m the ana of this
report, although arrenl limeelone quarrief art operated a adjacent
aieae Ofortis aad others. IMA. p. 12). The limestone of this am
probably will •ever be quamed. as it occurs largely in the derady
populated urban area.

ocorxxrr

The ooneolidated rock: anderlyinir the Talleya mud hnrbads in thr
Tlfeyton area consist of skale and thin mrrrbrds of liaMatone. The
Viaamaa* layvn ar« bard. coar»ly rrjuUlline to daKK. and ver* fbs-
ailifBrotis. Tker are 1-5 inches thick and auy make np 25-50 prrrent
of tha antire aeqncoee. The inteircvinf daylike shale is soft, putty-
like, and ••iiKjami Wa discinctira robin's-eev-bh*color, which facili-
tates tdantrncaripn hi drill cartings. The sequence of ahale and imer-
hedded inB»afona waa named rhe Bichaaond Group after exposvreK of
dwae rocks near Richmond. lad. The KJehawmd Group is of Ordori-
eian age aad was deposited as ocean sedunenhj aboat 430 Bullion years

The Rrehmaod Qroap is capped on the bedrork divides ia the Dajton
area by the Hiaaiiiili1 Luocatone of Sifariaa ape. The liragfield
fiianatop* is a URJat-frav to brow*, rclatirdy pave lunestone. as much
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as 30 feet thick. It ie quarried at Foirborn and ufwd in the manufac-
ture of cement. The contact between the Brnssfield Limestone and
shale of the underlying Itichmond Group is well exposed in the rail-
road cot «t the southeast, end of Huffman Dam, in the northeastern
part of the area.

The consolidated rocks are relatively unimportant us sources of
ground water in the Dayton area-. The shale and inierbeddwi limestone
of the Richmond Group yield barely sufficient water for household
wells. Jinny wedk drilled into these rocks are, for all practical pur-
poses, dry. Th« Brassfield Limestone is ft much better aquifer than
the Richmond Group aud is a generally dependable- source of water
for farm and home use. The water-yielding properties of the con-
solidated rocks, hare been described in detail by Norris, Cross, and
Ooldthwajt(1948).

OZACTAL (FZiXDROCXVE) DEPOSITS

About I million years ago worldwide climatic: change* occurred
that have resulted in the periodic formation of glacial ice sheets of
continent*! magnitude. Four times, at least-, at intervals separated
by several tens of thousands of years, these glaciers have spread from
centers of Accumulation in northern Canada and elsewhere into the
northern United Stains. The four glacial stages are named, from
oldest to youngest, the Nebraskan, Kansan, Illinoian, aud Wisconsin
Stages. Weathered boulders of glacial oripn m northeastern Ken-
tucky and diversion of ancient dmnnge Knee in Ohio and other
States are evidence that at least one and possibly both of the first
two glaciers reached the Dayton area. It is certain that the last
two glaciers reached the Dayton area; the lUinoian glacier advanced
southward to points a few miles south of Cincinnati, and the Wis-
consin glacier stopped A few miles north of Cincinnati. The IDi-
noiao. glacier receded from the western Ohio area about 200.000 years
ago. Ice of Wisconsin age covered much of Ohio a* recently as
14,000 rears ago. In a sense tie Wisconsin glacier is still in retreat,
the remnants, of this last great ice sheet, being- confined now to the
Arctic regions.

Each of the four principal glacial stages was influenced by rela-
tively minor climatic fluctuations, and the glaciers alternately ad-
vanced utd retreated over the areas These oscillations, leas wide-
spread than those that characterised the principal glacial advances,
are known as substagea. Evidence of Ulinoian and older substages
lias not; been recognized in Ohio. Wisconsin-age deposits in western
Ohio have licen related to two subetages, corresponding to early and
late Wisconsin time. Largely on the basis of radiocarbon-dating
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•Wthods, GoWthwait climated (1958. PL 809) that the first Wisconsin
adranee narhed western Ohio more than 37,500 yeara ago. Tbe lest
major advance of the Wisconsin ioe coatntoced between 25jOOO and
11,000 years ago; the ice began to recede from its soothem terminus,
near Cincinnati, about ITjOOO years ago, and it dissppeervd from
Ohio abooft 14,000 yean ago (GoldthwVit I9S>. p. 196-199,211. 2tt).
The Wisconsin ioe readTaiiced locally daring it* final iccraat and in
aaany area* depositad till on sand and gmTd that bad been but-
zaoaBtlj laid down. Tai» • ihovn by extensive areac in which till
vimlies gmti oe«r Dayt<n, gaatiallT <m the higher land adjacent
to to* major vallrrs bock aorth and so«th of die city (pL 1; aad
OoldUl«ai^ in ><HTB and otlwns 194& p. M).

Tha glacieni traasparred into weatorn Ohio rast qvanliuec oi rot*
and soil, BO* of it broqght froa* no treat distance, bm soaa* of h
ongiMtiaf a* far away a» Northern United States and Canada.
Whan tha a?)an<n melted, the aoU aad rode debria was left on tb*
bedrock, eithar in. tla> iorm of till or n aand aad gnTel, aromling
to lb» way it wu depoaitad.

Till waa dajmaiiad dincUr by the ice u it moved over the
M Jm a, haterofeaeoB* mhrtvre oi day and ataohB and lada i
oratntifieatka*. Tt OOTCCT moat of the aphxnd anas (pL 1> to depdai
of a few feet and is 60 feet thick or morn when k filb ilepreaaions in
the aauhiiVina; bedrock iorfaea. LocaHj, as at the limaatDne quarries
near FabboKm, it is thin or absent,

TO! of Wwnoaahi aar weathers to a yellcwrirfi-brown to dark, aD
day loaaa, trpieal of glacial limeatone aoila. Below the aoH
downward to the baee of'tbaaone of oxidation, which may extend 10-
90 fagi below the •nrfaos fte tiB is fight brown and is iairiy easy to
dia> TJaocidiaed till H bloe pray and is nOatiTehr hard and tough.
The wall driller eommoaly report* it aa blue day or hardpan.

rnaii bme to tune, as the g^ariers idraneed over or retreated
from the Dayton area, na^ai i of »»lay in the raBeyft. When, these
ieetaBgajeiBftJtad, the tiU they eonrained was depodted aa widespread
lajera or, locallj, as blocks and leases. In some areas then till de-
posits were ramored or eat through by melt water. In most placet
the tiD was bnried by ourw*ah Band and gravel and renains much es

Tin, being raktrrely impennedbk, is a major factor in die hydra-
logie eyde in the Dayton area because it. is genuaHy interbedded
with the aand and grave) depoait* in the large valleys and it slows

U> the underlying; aquifers.
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OU'J'WASB

Wli«n the glaciers melted and the ice fronts retreated, the waters
derived from the melting ice poured down the. valleys, filling them
with vast quantities of sand and gravel, called outwash or valley train.
The term ^outtnish* is appropriate, for the material literally was
washed out of tlic glacier. Most of the outwash deposits in the Dayton
area were left by ice of the two Wisconsin subatagea. The deposits
of the earlier glacier* had been largely removed by erosion and trans-
ported to the sea by the rivers and creeks that occupied the valley* dur-
ing- the ensuing interracial stages,

The ootwash deposits in the Dayton are* range in thickness from
abont 120 to 250 feet. They are the sole source of the large ground-
water supplies that are pumped for municipal and industrial use. The
deposrhj thus conetintte, indirectly, a vital natural resource of inesti-
mnblc worth.

OEOLOaiC KXCTOBT

DEPOSITION AKD VfLXTf Or COKftOUDATBD BOCKS

A shallow aea occupied the Dayton area during much of the Paleo-
zoic Era, which began more than 600 million yean ago and ended
about 830 million yean ago. During that time sediments accumulated
in the sea and gradually became compacted into the consolidated rocks.
Shale of the Richmond Group was once chiefly mud brought to the
sea by rivers heading in landmasses to the east and southeast. The
limestone layers ot the Richmond Group are made up largely of the
calcareous remains of organisms that lived in the former sea. The
overlying Brassficld Limestone also was derived from the limy re-
maine of these organisms.

Daring' much of the Fnleoxoic Era. the Dayton area emerged above
water as part of a loir-lying buidmass or chain of islands. These
emergent lands were along die crest of the Cincinnati arch, whose axis
traverses western Ohio along a generally north-south line that passes
through Cincinnati and Toledo. According to Stout (1941. p. 13),
the Cincinnati arch was formed by subsidence of the rocks along the
flanks of a resistant core. This core possibly is formed of crystalline
neks (LorkBtt, 1947, p. 435). The crest of the Cincinnati arch stood
at or near aea level for long intervals nf geologic time. The strata
thicken on both flanks of the arctt and dip off the crest at low angles.
In Montgomery County, which is on the crest of the arch, the consoli-
dated rodks dip approximately 5 feet per mile to the northeast, paral-
lel to the axis of the crest (K orris and others, 1048, p. 22).

The final emergence of the western Ohio area took place near the
end of the Paleozoic Em. Streams formed on the new land and began
their slow work of transporting sediment to the sea. In the millions
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of yean sinre the cad of the Paleozoic Era erosion has lemoted many
feet of younger sBdunents. to expose those that presently compose the
bedrock. At erosion went on. the area more than ones was reduced to
a nhtmty flat surface, known as a peneplain. TypaeaDy. after a

UB, or an mcipieal peneplain, had been derekped, the area
rid be uplifted slightly, or for seme otlier rmnm the base level of

the atrcan wosU chaage. and dissection of the torface woeJd begin
aasw. The bedrock rarftce in the Dayton ana range* in altitude
gaum ally between SOO and 1,000 feet. This surface repwena a. well-
developed pfnrplsia, the Lexington, which can be txseed over much
of western Ohio, eastern Indiana, and Koitaoky. TVe lAdngton
peneplain waa vplrfted in aerpral stages, according to Femmanan
(108, p. 44L 44S). The Us nse occurred in late Tvrtiarj time,
perhaps 10 or IS mfltioa jean ago, and resnlted in the deep tuacfiing
of TaUeya.

In Logan Coaraj, abovt 50 mite aorth of Dayton, is a avtall an*
of higher terrain which renoheB a general altitude of awe than
1,900 feat aad i •tiiei the highe» poar (L.550 ft) m Ohio. This
higher area, known to fpnlnfjata a* the Bellafontane oatfier, ie an

__ t "̂̂ ^ B W — ——. J— t- -- ---- — < — ̂ — ̂  ^ ^M^Jl _4^^^^^M**** f̂ior uie narmouraj penapjaiM, a wvit*uwvKi|]eu

taine oeilier ndode liaenirnnci and ahale of Sflnriam and Daronaan
agea, which are yougar than the bedrock in the Davton ana. These
younger rate an anally ezUaaiTe in central aad eastern Olio, aa
they foraaeny veie in •raen of weetem Ohio-

dniadng the Central Lowland protiuee loved
gaejenUy nonhweat ward from at least the beginning of the Lexington
cycle until the drainage was diarapted by glaciers early in tike Pleiato-
cea» Epoch. The principal praglacial ( actually late Tertiary) stream
is eaDed the Teaya Star. The Teays River, whksi compared m ate
with ike IITIISII Ohio Hirer, flowed from the Piedmont Plateau of
Virginia and the Carolina* trrosi West Virginia. Ohio, Indiana, aad
Hfinois to the Miaaianppi embayment. Tt entered Ohio at a poaat
near IVaHauoutli, Jowed north to the vicinity of Cfailh'fotne. and f hf»f>
inoenlrj northwest pea London. Springfield, Sidner. and St. Uarra
to the Indiana line ( Stoat and others, 1943, p. a). The coone of the
Teays Hiver lay about 90 milee northeast of Bmyton at its neatest

Heath of ChiDicothe, in the angiaciated pert of Ohio, the Teajs
Bmr nllcy k 1^-fi aule* wide and lies abnat 200-250 feet below the
hilk on nrker aide. The vaUer is choked with SO feet or mom of
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2C -CHILIS Route
lUUat. JWliw. and Vmyne

ITKHJM s.—Approximate locotlon of Tny» Stmge TiUerc la wwtcra Ohio (n»di-
dad from Stout nnd othere. 1M8J.
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lacustrine day uid alluvium, wbich form*; * relatively flat floor upon
which the modern streams flow. The coiirset and gradients of the
moda* streams bear little or no relation to those of the former Teaya

The gradiMf of the Tears Valley between WlteekiOjuig, on die
Ohio Rirer. and a point near Lake St. Marys, in Mercer County, is
about 10 inehss per mile. 7h* altitude of the Taller floor is given
hyStooLYerSceeg, and Lamb (lM&.p.n3> asMOfeetatHimtington.
JT. Va.; 650 feet near Whedenfarg. Scioto Comity: MO feet at
Onega, Fife County; and 590 feat at Chillieothe, in Boaa Comity.
Kortkof Chillteoths the Teays River vmiky ia buried by glacial drift.
and iU eonrte is known only from well recorda and the ressto of
geophysical investigations. The altitnde of rke buried Tears Hirer
TaUey.oWcnnined by ICK drilling, is 56S feet in tka soatk-eentTal part
of kadiaon Coney; 568 feet nrar London, in Madison County; 648
fact near Springfield, in Clark County: and 598 feet im the soathera
part of C3iaiinpaiga> CooBCy, treat of 1 'Ti*n« CNorria and Sparer, 1A5S.
p. 216). The aJthade of the buried Teays ffiver vaflej near the
Indiana line » pivot by Stoat Var Steeg, and Laab (IMS. p. ») as
480iaet.

At rarioua point* along its coarse in Ohio the Teays Rrrcr was
joined by major tributariea (fif. 2). which, like tie Teays Biver itaatt,
earred broad deep nUeya. The tributary valleys join tba Teays Smr
TaOey at aoeoedant lerels, and the eutire srft«n in well graded to the
aaae regional bast level. Tha stage in the peneplanation of a region
is known as the auath nig« and here marks rh* bepnning of another

tin at a lower leml than (he Lexington surface. The leref
icpretenred by the bedrork flonr of the Teays Biver valley and its
major tributaries is called the Tarter srrarli (Fennenan, 1138, p. 901).
T» najdHm Ohio the Teaya Birw valley was abandoned as a major
drainage way when the Parlor erasional cycle was disrupted at the
beginning of the Pleistocene Epoch. In other • ran the Teays Stage
vaUejs atie rad by Areaaag of later dranugo HI m s«, some of whidi
flowed in cfiposh* diiecljom. to the T«ays Stage streams. When tlua
uuLiuicd, the yosjagsr ftnams nommonly cur below the Irrefe eatab-
fisbed in Teays time, fearing resnnsnts of the Parker arath as terraces
along the valley walls.

The major valleys in the Dayton area were established, at least in
part, by Teays Biver tributaries. Geologists an in general agreement
on mis point; however, opinion* are aharply divided concerning the
direttiuB of flow of these tributaries and the lard to which they cut
their valleys daring the Teays eyde. According to Stoat, Yer Steeg,
and Lamb (IMS, p. 70), the Dayton area was a headwaters
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Teays time and was drained by a sooth-flowing1 tributary, which they
called the Hamilton. River. They wrote (1W3, p. 70) that the Hamif-
ton Biver ''gathered its headwater* south of the col [constriction in n
valley; this one ie at the site of a fonner divide from which streams
flowed in. opposite directions] at Wart Milloii on the present Stillwater
River, nearTxdmor on the present Miami River, and above Harshman
on the present Mad Hi ver. The stream thus formed by the convergent*,
of tributaries at Dayton flowed southwestrrard pastMiamisburg * * *
Middletown * * * and Hamilton." The Hamilton River, according
to these geologists, joined with larger tributaries that turned westward
near Cincinnati and entered the Teays Hirer somewhere in Indiana,

The «ltJtade of the Teays tributary -valley at Dayton was estimated
by Stout, Ver Steeg, and Lamb to have been about 71* feet. This is
approximately 175 feet higher than the Teayfi River valley in southern
Champaign County; however, a wide difference m altitude between
these valleys would be expected, if Dayton were part of a headwaters
area aa tho aforementioned geologists believed. Norm (1948. p. 148),
concurring with this interpretation, stated that, in Montgomery County
"remnants of the Teays valley floor occur as terraces along the sides
of some of the more recent valley* at elevations ranging from 760
to 770 feet lor fonner tributaries in the northern part of the county,
to elevations as low as 650 feet along the main stream in tike southern
part of the county.*1

Stout, Ver Steeg, and Lamb's hypothesis of a south-flowing Tears
tributary in the Dayton area was challenged by W. J. Wayne, who
studied the buried Teays drainage system in Indiana. Wayne (1953,
p. r>76-585) favored rite view advanced by Malott (1922, p. 13C-1&8)
and Powke (1925, p. 87) that, prior to the formation of the Ohio
River, the Kentucky River flowed northeastward through "the old
Miami Valley" to a junction with the Teays River in northwestern
Ohio. If this is true, the principal Teays tributary in Dayton flowed
at a level only slightly above that of the master stream, which crossed
(he State only a few miles northeast, of Dayton. The altitude of the
valley of a hypothetical north-flowing Teays tributary would be
about 570 feet in downtown Dayton. This figure was obtained by
assuming n gradient of about 1 foot per mile for the tributary stream
and the likelihood that each a stream would have joined the Teays
River some 30 miles downstream in Champaign County, where the
altitude of the Te&va River valley floor is 538 feet (Norm and Spicer,
IMS, p. 218).

Neither the hypothesis of Stout, Ver Steeg, and Lamb, nor that
advanced by Wayne, Halott, and Fowke can be affirmed on the basis
of evidence obtained in the area of this report The generalized
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diaxaoter of the bedrock contours on the geologic map tpL 1). which
•i* baaed OB reoorde of weTls, iadicatee chat iivgilcOTt data are avail-
abb with which to fora, an interpretation. The map, w it b drawn,
data show a wida bench or temoB in the bedrock between altitude* of
•boot 530 and COO feet, ocrarria; on both sides of a much narrower
aid deeper ndley. Th« lemee level way represent die floor of an
eariy valley, poaribly of Tea;* age. The narrower and deeper chaaael
rapreaanti the valley of a Deep Stage stream.

The direction of flow in the Dayton, area of tae Teaje Stage
srreama {eoeth, as Stout, Ver Steeg, and Lead* stated, or nottli as
TFajrae believed) • •matta-of speculation for the time being. Stoat.
Vet Stee^ and loaalr'a coneepi haa been criticised o» the hacis that
the dhridea aappoaedly Jonted at Wen ITilroa, Tadoioc, and near
Uaniunan (at the aite of Enffman Dam) an oaly aboot 85 nilei
from the Teayt Bmr smiley, and two major drainage s>gtum woold
not have eoezMtad eo doet tafitbtr n timikr feolofie ttxraae at
each widely dimiguut fevaht iforeorer, theae drridae, if then were
aach, m»at hare beep relitiTcly narrow, pernane maAleas than a ante
wide, aa judged from inspection of a topographic map. It W4iejid be
indeed fortaitooe, aay the eritio, if daring the long Teeje iaUi i al
the inbotariea of two major streama, the Tears River and die Hamil-
ton Errer, roae within a few thouatad feet of each other without owe
or the other being captured by stream piracy. And, finally, the critics
point out, MHUty of the bedrock vallaye that relate to the ao-eaDed
HamikoB Hirer appear to have contained north-flowing etmaan.
rater than aovrh-fknrmg atreama, as pcatuUted by Stoat, Ver Sing.
endLemfc.

In LI it ii iam of Wayneli hypothesis, on the other hand, ineofar ae
the Dayton area, ia eoncerned. the cols at Tadmor and West Milton
eve maoh kaa thaat half a mile wide, which dearly eeems too narrow
to accommodate a major Tears tribmary that Wayne said carried
the drainage of the entire Kentucky River beam. The tfcitd eoL at
the aite of Helen u Dam, is aboat SjOOO feet wide and coold hare
awed aa outlet for the water* of a aajor stream. Howevw. a way
haa aot been foand by which each a stream could have reached the
Tear* River valley in Champaign Coaety. T1*a route northautward
by way of the if ad River valley is hlocked'by a col, which is only aboat
one-foarth of a auto wide near Springfltld (Norria and othen, 1M2,
pL 1). Control on bedrock mapping in weatem. dark Goaary ia so
complete aa to virtaally ntle oat pennatr of a major north-flowing
Teays tribatary, except pcanUy between Uedwvj and New Carlisk.
To enter the Taaye River valley, mch a etream woald have had to tarn
waat at 3ew Carbefo »d foUow a circuiloas roote northward thromgh
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eastern Miami County and thence eastward to the Teays Biro* valley
in the vicinity of St. Paris in western Champaign County. Few wells
liara been drilled to bedrock in eastern Miami County, find the possi-
bility that a. buried valley having the course just described exist* can-
not be ruled out. "What amounts to "negative" evidence, however,
hardly seema a sound basis for the support- of a far-reaching concept
such as Wayne's.

Elements of both concepts may be correct. The Hamilton River
may have come into being at the time of uplift of the Lexington pene-
plain and may hare followed the course described by Stout, Ver St«eg,
and Lamb. Eventual reduction of the col at Huffman Dam and head-
ward. erosion of a Teays tributary originating in Champaign County
may have reversed the upper Hamilton Biver, which then followed
A course northward as suggested by Wayne. Whatever the troth, and
evidence may become available someday that will settle die issue,
after several million or several tens of minion years., the Teays drain-
age system was completely disrupted and obliterated by the great
ice sheets of the Pleistocene Epoch.

euoixa
Hie Teays. drainage system was disrupted and n new stream system

was started when an early glacier, possibly the first of the Pleistocene
Epoch, advanced southward into the Central Lowland province.
This early glacier dammed the Teays River by filling the valley with
glacial drift, thus producing widespread lakes m the valleys of the
Teays River and its principal tributaries. These lukea were in exist-
ence for a long time, aa indicated by thick and extensive deposits of
lake (day and silt -which accumulated in rhe valleys. The lake deposits
extend well to the north of the glacial boundary, indicating that the
glacier that dammed the Teays River did not. advance as far south
as did the ice of later stages. The damming may have occurred in
Ohio (Stout and others, 1948, p. 78) or in the area southwest of Ft.
Wayne, Ini (Xorrift and Spicer, 10.18. p. 219-235).

Stout and Schaaf (1981) named the aforementioned lake deposits
the Minford Silt, from exposures in southern Ohio. In southern
Ohio the formation attains a maximum thickness of more than
80 feet and is found at altitudes as high as 860 feet. In and near
Madison County, in west -central Ohio, where the Teays Kiver valley
is. oompetely buried by glacial drift, the Minford Silt at the sites of
12 scattered test holes ranges in thickness from 18 to 264 feet (Nor-
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lowest know* point on the bedrock is beneath the intersection of
First and Finfflay Streets, where * well drilkd fee gas or oil in 1887
reached bedrock at ft depth of 247 feet, or mi am akitade of •pprosi-
•ataly 500 feat. Only fragmentary data. are- available relative to the
alutade of to floor of the boried Deep Stage valley sooth of Darton.
At Venice (Horn Port Ofiee), 7 miles eoaih of Hamilton, the ahknde
of the buried valley floor is 8«4 feet. If tbe altitude at Venice and
the ahitede of 300 feet determined at First and Frodisy Streets im
Dayton are the ntiniavm for their ie&perliT« locations, the Deep Stage
valley between rheae points, 46 mile* apart, has a gradient of •boat
3 feet per aifle. This is abott the aame is the jrradient of the lliaw
Biver valley befaeeai Darcoo and (be OHio Brar. If the gradient
of the bedrock floor of the baried rafley ia about 3 feet par aaiie, the
test hok at the eoawty-ovned well field near the moeth of Holes Creek
evidently vas not in the deepest part of the channel in ftat area, but
botumml on bedrock on the ide of the valiey, aonw 10 or 1» fact abo*«

The ahape of the lateral profile of the bedrock valley •nderlring
Daytoa cannot aeenrately be determined from available data. Hie
shape of the valley can be inferred in a general my, however, from
what '» known about the Deep Stage cycle and the gauaaeuj of normal
Kream development. Deep Stage screams did not attain & graded
condition and were «U11 iaciaing their vtlleye when the cyde oaded.
Thn lower next of the priacipt! buried valley at Dayton— that dna
to Deep Stage oatonjf— can be awomed, therefore, to have a V-ehaaed
croaa eeetioii. The nidea of the V are aajiaaaalrifial, and the alope
at any point depends on the relation of the valley to the mmnilirr
of the foonwr etnam. Typkalry, a valley is ateeper on the oateide

ing the valley profile are not warranted, owinjr both to the
regnidiug the Teaya Stage lerel a»d to the scarcity of well
that reveal the depth to bedrock in the Dayton ana. The

ahJtode of the bedrock floor of the buried valley in the
graetorpartof downtown Darton ia at or a little below 500 fcet The
depth to bedrock at any point in that area, therefore appmaches 390

The Deep Stage drainage syatem wac ended by the advanee of die
UliniMH ioa abeec. loe of the XUinoian ^nd Wuconain sheets advanced
into and beyond the Dayton area, deraaged the drainage linea, filled
•oat of tbe vaOeym, aoaae to the point of obararity, and left the
lamia with hi present appearance.
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The bedrock contours on the geologic map (pi. 1) show the con-
figuration of the buried channels produced by the Tenys and Deep
Stage streams. Four Deep Stag* tributaries to the ancestral Miami
Hirer nine together in what is now downtown Dayton and formed
a vide deep trough, which glacial-oulwash materials later filled.

gyECIAUZHD I |B u *J¥

The •widespread presence of relatively impermenble layers of tall
in the sand and gravel Aquifers necessitated the development of criteria
for their recognition as well as the use of specialized techniques.
some of -which are not widely understood and warrant discussion here.

The pronounced effects of interbedded till layers on the water-
yielding properties of the valley-train deposits, fund consequently the
consideration that most be made of these layers when well? are located
and when aquifers are artificially recharged, require that till and other
relatively impermeable deposits be identified during drilling and that
these deposits he traced laterally from well to welL

Drillers commonly report till in well logs as "hardpan" or "blue
clay" (the second term refers to imweothered material; oxidized till
is called "brown clay") and sometimes as "clay and stones" or "clay
and gravel/' Unfortunately, drillers often find it difficult to distin-
guish between till deposits, many of which may contain numerous
stones and rock fragments in the day matrix, and so-called "dirty"
sand and gravel, which oontains much silt and clay. Moreover, the
driller's interpretation of the material in which he is drilling may be
affected by the sharpness of the bit, the depth of the hole, and the
amount of water in the hole. Thus, the accuracy of well logs varies
considerably T and the logs of several closely spaced wells may suggest
as many different interpretations of the sequence of deposits as there
are records. Of course, glacial deposits commonly do cluinge both
Interally and vertically orer short distances, further complicating the
interpretation of drillers' logs. Several methods of identifying till
layers are described in the next four sections.

•VATIC WA*BB>LOTBL CBAKOXC

One of the greatest aids to the ground-water geologist in determin-
ing the hydrologic properties of the valley-fill deposits, and in identi-
fying areally extensive till layers, is a record of changes in water level
made while a well is being deepened. In areas ef large ground-water
withdrawal, the hydrostatic head in an aquifer overlying a till layer
may be several feet higher than the head in a similar aquifer imme-
diately below the tfll layer. Where this condition occurs the water
level in a well being drilled usually changes abruptly when the casing
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• driven Itimnfh the intervening till into die low aquifer. An illns-
txatire example is shown by the records of several test wells (388̂ 133)
driBed in liil tt the McCafl Corp. plant in the wear-central part of
Dayton. Hen ahrapt changes in water level of M nvcfa as 80 feet
an reported in weDa drilled through a till layer at depths between
about 75 and 105 feet. Unfortunately, these ate the only available
examples of s«eh a striking change in water levels, aince few drillers
bother to note the** changes at they deepen a well.

aajuiauc <«AMicA-mAT) uoccorc

By far the beat method of determining the enqueue* of beds in the
valley-fin deposits and of tracing till layers laterally from well to
well it by electric logging of w»H«, imperially gamma-ny logging,
which oan be done in cased wells. Elertrie-lofging eqaipaaemt wag not
»Ta3ab(e for uee in thia iaiutigitioa.; howerer.a few gamma-ray logs,
whick wen very betpfol in the geologic interpretation, were furnished
by Mr. D. J. Roe of VandaJi*, Ohio. Becaaae of the wefmlneaB of
gaaaBA-ny loggiag in water-r«o«rrea investigatktifl of glacial ter-
TWM, a* brief deeeziption of the aiechod • appropnatt here.

Oajmaa-rmy lusting teehniquei are baaed on the fact that aD rodta
ndxiectm laalniali, which eaait gamma raja. Generally

sift, awl day. GBaeiri till, which in the Dayton
thieij of day, ia therefare modi aaore radioadiTc
aaad and grawL, whidi is met^peed largetr of Bmeatnne and dohaaute
rragmeBoL An dedncal probe saaaiUT>e to gmioHt*ray 0ni9BtoBi ia
lowered in a weD. The probe ia connected throogh a. cable to a deviee
at tiv aurfaee that record* a cmm or log showing the radioaotmty.
and by iBterprrUtkn the geologic cJtararteristxa, of the formations
penrlTBled by the well. Tflk are iwoafly diatMgniahable from sand
and frarri on the gaavaM-ny loga, and the correhukai of fonnetjonfi
with similar fbnnataoBs m nearby welb> caa be made with far more
ronfideBce than by the use of driners" logs alone.

Figare 4 Aovs a repneenative gamma-ray log, made by Mr. Roe,
of a teat hole drilled at the she of production well «0», at Ihe Frigidaire

plaa* at Moraine City. A geologic interpratauoB of the
tahowa. On tb* basis of the gamma-«ay log, wefl

609 was lereened at depths of W-1W feet and 134-150 feet. On test the
wefl wu pumped at the rate of i,000 gpro and a drawdown of orfy 9
feat Teaaltud, which radicates an exceptionally good capacity. ATaO-
abflity of move gamma-ray lorn* woeJd have been very helpful to the
aethora daring thia tnvaetigation.
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OEOLOGIC INTERPRETATION

Sfrli-ecfey

ZOO-"

From* 4.—Bepnaentattre gamma-ray lof and cwloRfe InterpretBtlon of uiwawd
tart bote, drUled at tbe FrtgWalre TMrliloc plant at Moraine City.

TBMPE&ATITKawOCPTH RDLA.T1OKB

A promising method for identifying intorbedded till layers in the
Dayton art* is that of plotting water-temperature changes in wells at.
various depths and relating the shape of the resulting temperature-
gradient carve to tbe local geology. Where the circulation of ground
water is relatively rapid, such as near large centers of pumping or



30 CBOCVD-WATEH nsOCKCEfi, DATTON 4UA, OHIO

of recharge, differences B temperatsre of water in aejaifen
that are sfparaled, or partly leparatad, by till may be large enough to
bo detected by ansitivt, thermistor-type thermometers. Hie bans of
the method k moa Msily explained by considering eTsmpleeof tamper-
atvre gradients to be expected in hypothetical wells drilled under three
kkattsedseu of far conditions. The explanation kfm^her amplified
by specifying that the temperatnre of the water rnfilt^mg from a
source sticea ia hitter than the temperature of the water in the
equrfar. Im Ohio thie condition commonly ocean in late spring and

The im of the three hypothetical flow tystems eonaidand k that
ou.iu.iiag m « homogeoeoas heaTilr panped end and grarel aquifer
Uaiataad by MI inftkrating atraam. Th» taapcratnrB of die wetter in
a fnOy penetraung observation well drilled between the >.
and the wall being pamped wiU decline steadily from the top oi the
aquifer to the bottom. A plot of water temperature related to depth
yialde a straight line, aa k indicated by the accompanying graph
(If.M). ThiaitOie aimpWt of the three hypothetical flow systems.

Cbneider nest aa othei >lea homogeneous aquifer ia whkh a hori-
•OBXal layer of tiil el ••!! anal extent ooenn (fig. £#).aitaated wiih
rcapan to a large center of panping ao that eoaae water enters the
pumped walk after leaking vertioafly downward through the tfll
while the reauinder of the waivr flows around the till layer and eaten
the waDs by a more drantoaa route. TTnder these onealitioaa the
temperacvre gradient in the obaerratioB weD (fig. *B} win be ap-
proxkttatHy linear both above and below the tiD. However, as the
diagram ahowa, that pan of the DBA repnaeatng tenperataxes below
the tffl win be dkpfaced, rriari^e to the temperataKB-giadieat fine
above the till, m the direction of lower teaiperatave. The position of
the tin layer m thk idealiaed flow system k indicated by a pronounced
•Vky on tbeieaaperature-gndient line, caused br the colder water is
the tilL

The third hypothetical Bow system eoaaidendk that of two aqaifer*
hydnwlidy separated by t laterally extensiT» tin hiyv, through which
all recharge to the deeper aquifer moat paai (fig. &C). Under these
comfitiona that part of the temperature-gradient Tine depicting tem-
perature* beneath the tffl will be displaced relative to that above the
tOl by the eoider water • th* tiD and in the lower aquifer. However,
antihe eondhionaaheMm in the second example (fig. 5It), the tempera-
tare at the water beneath the oomplerelT separating tfll layer wfll ba
no higher then that of the water hi the rilL Tims the temperature m
the obaarvitkci nil win alway* deefixw with depth, bwt the rate of
deefiBewiO inexceaeaignificantiTinthetiTI.
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enrviw rcmiltlne (Mm infiltration of WARB water Into
r*t*tiT«ljr cool «qnlf«r nndcr ruiout geologic eoodlttoiuk

The method of using temperature gradients in wells to identify
hydrologie conditiooft hu been tried at only one place in the Dayton
area, at the Frank JL Tait Station of the Dayton Power A Light Co. in
south Dayton. Temperatures were measured in two '2-roch observa-
tion wells (580 and 591} driEed in a well field yielding approximately
5 mgd at the time the measurements were made, in June 1957. At
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Uu> tine the water • the Miami River was appreciably waiaier than
the grand water,a. conditioa similar to that specified ia the deenssion
of the hypothetical flow sy*te»M. The temperature gradients in the
two obserVation. weR* at the Tait Station indicate thai disoaatinaons
hynrs of till incerfaedded with the ralley-train deposits are present
there. (See fig. C.) This .aterpretation is borne out by other geo-
logic and hydraulic evidence,, described in the section ''Character of
the Valley-Fin DepoahV and elsewhere in this report.

The temperature-gradient method deserve* further testing aad re-
fmsaunt under a vide variety of hvdrologk foa-drtaona aad alao in
npnanUiire wella meanrad repeatedly doriag Tarious afaBuns of
dm year. The grouting use of hifUy acnsitire. idalncirj inerpenaiTe
toenuator-type thermaometen ahould result ia rapid advancement of
whet may become a very naefal liydrologie technitrae.

Another method of detennining from water-temperatajre data the
pmenee or abnau of aeaiinoafininf; bed? is based on annual teat-
peratore flacrnaaom ia wwlla. Tf two wells drilled in ahomogeneoaa
and isotropie aquifer and located at equal dJatanoM froai a source
stream reoeire repleaisfcaneot principalhr from the stnaam, the tempi
tare of tt» water uaatpaJ f roaa the welU wUl rary with
eftaageamatKaattsmpantiinL Graphs relating temperature of water
from walla aad fraat atnaan to tune will each have the same general
shape. The ampLtade of the faetasttons of well-wafer maaimrarnni
win not be •» great sa that of the scram temperature, and the <aannal
high aad low tempentuia of the ground water win lag behind those
of the ctreasft. II the two wefla m of mnequal depth, difference*, in
aaaplitiade of the temperarore flnctattions aad ia time of arrival of
aaaaoaal high* and Iowa from the soon* rtreaat wfll be apparent, bat
tiwoaraa win have the same general shape unbai the ifmnailinniT of
depth arorery great.

The praauiu, in the water-bearing deposit* of » maairnnJaing bed
through which the water moat leak, or arasnd which water anst
aW to rtach the weUs, will change the shape of the ground-water

raw* cum. If at the site of one well the low of groand
impeded by a MS&iconfniing bed, the annnal-tcaiperatnR

graph for that wall win be different from the annual-tvanperature
graph for another w«U where there ia no nanucanfining beds. The
•sairnpfiniag bed win, in general, dampen the seasonal taanperarore
fiactnations, and a Tristtrely flat carve will reevJt. Diffsn
die aanaal tempetatore gnphs caaeed by semiconfining beds were
lacorded in two weQa at the Tair. Station rif the Tkayron Power A Light
Co, (fig.7).
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CHABACTZB OT TBX VAXUET-7ILL DSPOSZTB

The wide valleys at Dayton, which were cot deeply into the bedrock
by streams of the Teays and Deep Stage drainage systems, were filled
during the ensuing? glacial stages principally with sand and gravel,
laid down a» valley train by melt, water, and with till which occurs
as lenses and layers interbedded with the sand and gravel deposits.
Though constituting a relatively email part of the valley-fill deposits,
the till is a major hydraulical factor because it slows recharge to the
deeper wells.

Glacial we mette unevenly and at varying rates. Moreover, periods
of melting commonly are interspersed with intervals of relative cold
during which glaciers may temporarily resume their growth. The
valley-train deposits were laid down under variable conditions, and
although at a distance tbey seem generally uniform, alternate layers
of silt, aand, And gravel, representing a wide range of grain sizes, are
visible up close. Layers of coarse gravel may be sharply bounded
above and below by beds of markedly finer material, and, in many
places, beds of coarse gravel may grade laterally into finer material
over comparatively short distances.

Goldthwait (1959, p. 206) described as follows the way in which
a typical valley-train deposit is formed:

Whmtvcr a giaeier «ndi In a region wMch atopes away from the !<«, the
waters which itasw from one or uon tunnels In the ice edge head down the neer-
wt miter lowland. Many million gallon*, ire produced on warouatdays. Coming
from tie baaal ice, the water t» milky with the cock floor of glacial UU tad it
hM a full bed load at send and gravaL In fact, more com of particle* ore fed into
the stream at the glacier than ever naeb the lake or sea, ao there moat be con-
stant addition to the Mirfaee or the plain, tone load in dropped on each bar
tbo» £11109 up the shallow channel aad earning- the VBter tn uplfl over to the
right or left and xtart an additional channel. All glacial ootvaih riven be-
nnw britMted by drtrtdiaf Into many channetK each ten to 100 feet wide and one
W ten feet deep. The. water rnnn nearly flush with the mrfaee. Mo*t of the
coanett cobble part of the toad get» left OB Hw first few upetraani ban, but
in ttaetr piaee th» water gather* Home aaaner ttebble* almadr tbera. * * •
Wben one side of the valley lAata luillda ten to 2ft f««t higher, the braided cur-
rente ihift to the low aide at the valley. The reraltinj; ^alley-ttmin" to aawoth
wfth only minor llftle eearps (five to HO ft.) and abaBdoaed channels. • • •
This wan the scene In most south-Sowing valley* in Ohio as the tee retreated.

The events that Goldtliwait describe were repeated several times
m the Dayton area, at least once during each of the major glacial
stages and subafcagee. Each time the glaciers melted, the principal
valleys were partly filled with sand and gravel, and during each of
the long interglacial intervals—each lasting several tens of thousands
of yean—streams similar to those that now occupy these valleys began
their slow work of erosion, and removal of the deposits over which
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they flowed. Daring the kmg interval between the HH«<««»t
Wisconsin gweisJ stages, which may have listed more than 100,000
yean (OoldthwaiL in Xorris and other*. 1948, p. »; Robin, I960,
pi 289). most of the material deposited by the TTBnnian and earlier
gladen probably wa» moored from die bedrock valleys by stream

With the onset of the Wisconsin glacial advance, eondittons that
had prevailed during the preceding interglacal interval changed.
K«mpt dariaff the few warm dsyc ia nrauner, rivers dwindled or
stopped flowing altogether, and their place was taken MtMuafly by
tengMB of ice, which moved southward in advance of the aaain ioe
•jaw. These ice tongues, or vafley glaciers, axe mainly teapoaeible
for the exUoi»Te depoakft of oD that occur nearly everywhere in the
valley-train Jep<«im. IB cenrral Daytoa, where four ralky gkexn
eoaksoed, the interbedded rill depoazts are rehtively thick and

Da some parte of the Dayton area, well-defined tiU eheeta, bwied
by »-« feet of aand and gr*vel, extend &baw*i ce^iidy aaraes the
major valleya aad eeparate the Tilley-tnm deposits into two or non
dnaiejtt aqviien. For example, at Bohrcn Island, m the Had Biver
valley, welb of the Dayton anuiirip*! well field tap two aqntifen, one
lyiag above and the other below a. layer of till that raage* m Otidc-
•MB from about 11 to M feet t'Xorria, If59. p. S).

DriDen' log*, gamma-ray logs of welle, and water-level data, show-
thai ooexfiticBM aimUar to chose at Bohrers Uaad prevail generaDy
in the major river valley* of the Dayton area. The TaOey-traiii de-

in BMBt pkeea, are separated into an upper aquifer aad a
aquifer. Section A-A' (PL 3), extonimf ahvgj the middle

of the Hiaau Bmr valley from the «*oath of Holes Creek north-
ward to north DfeytoB aad thenee op the Mad Biver valley to Hnff-
•m Dam, mad BKtiom B-&. O-C', D-D'.and D-D" (pL3),«xtead-
mg acroB) the vaUsy, show clearly a coae as Buch as 80 ftet thick.
pnojomiBaacly of till, interbedded with fland cad grarel deposits.
(See pL 1 for looation of geologie sections.) In places, this tflL-rieh
sane is made op of well-defined areafly extensive till sheets; elsewhere
at CQDfltftff Off Ola^savtt̂ OQet JQH9BS aUMj IVTVffVJftf mftBaM OX Oil JEPOVpOll

closely tofether at appmximately the same altitude. The toll is
•KM irregular ia distribution near the sides of the valley* than, ia
the central part.

IB. small areas, notably in the Mad Hirer valley immediately below
Kastwood Park, the till «dur is absent from the sand and gravel de-
pocks or consists only of « few scattered leases. Elsewhere, there are
SBaD openings ia. otherwise extensive till sheets; these probably repre-
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sent stream channels cut through the till when it was exposed at the
surface. These openings or channels are indicated by the absence of
till in one or two records of several closely spaced wells.

The upper surf atx of the I ill-rich zone lies general ly 30-50 feet below
the land surface in down town Dayton. The base of the zone, -which
is ranch more irregular than the upper surface, ranges from about 60
to 125 feet below land surface. These levels are somewhat arbitrary,
as the sand and gravel deposits both above and "below the till-rich zone
contain scattered lenses and masses of till that make it difficult in places
to correlate, the deposits from well to welL

Locally in the Miami River valley in central and northern Dayton,
and more extensively in the Mod River valley downstream from
Findlay Street, the till-rich zone consists of two till layers, separated
by several feet of sand and gravel The upper till layer generally is
thinner and less extensive than the lover till layer. Athough locally
the intervening sand and gravel constitutes a separate aquifer, it is
herein, considered part of the upper aquifer.

The sequence of late Pleistocene events described by Goldthwait
indicates that the till-rich zone and the overlying sand and gravel
probably are associated with tlte late Wisconsin substage. Therefore,
the sand and gravel that underlies the till-rich zone was probably
deposited during the retreat of the early Wisconsin glacier. The early
Wisconsin glacier also deposited till on or only slightly above the bed-
rock in most of the Dayton area, except in the relatively narrow Deep
Stage channels, -which in a few places probably contain sand and gravel
left by a still earlier glacier.

The interval between the end of the early Wisconsin snbstage and
the beginning of the late Wisconsin substage was not long enough for
the streams to erode from the valleys much of the early Wisconsin
sand and gravel deposits. Thus, when the bite Wisconsin ice sheet
advanced to the Dayton area, it moved down the valleys over early
Wisconsin sand and gravel deposits of considerable thickness.

The relatively shallow till layer, which composes pan of the fill-rich
zone in the Miami River valley in certain areas in central and northern
Dayton and in the lower Mad River valley, probnbly was deposited
during the local readvance of the late Wisconsin glacier, described by
Qoldthwait (Nome and others, 1948. p. 34). In most places these
shallower till deposits are thinner nnd less extensive than those associ-
ated -with the main advance of the bate Wisconsin glacier. The glacier
moved a relatively short distance when it readvanced, and, generally,
the ice transported less material than it did during the main advance.
However, in central Dayton the shallower till K thicker and more
extensive than the lower till
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The rill-rich ton* Manor be •epexated into in upper and * lover tiD
layer in two areas of the Miami River valley: (1} central Dayton and
(2) between Dayton and t be mouth of Holes Creek. However, the till-
rich ion* in these anas may actually consist of two tills, one lyng
directly npon the other. Thi* is suggested by rotor change* m the tin,
noted in several drillers" logv These color changes indirale not only
the anal tftpunf* of yellow, oxidized till overlying blue, unweathered
till, but also the prfeente in a few places of yellow tin beneath, bine
tilL The latttr sequence eoold have resulted from the deposition of
younger tiD on the aorface of slightly older, oxidised tflL However,
the yaDow color of the tin at the base of The till-rich zone also could
have resulted froai chemical changes caused by the ctrcohUioa of

The lor of a typical drilled well men the Miami Error in the Day-
ton area shows a few feet of soil and alluvial material1 near the
surface. Bescsth the sol] and aUurioB r> 30-50 feet of saad and
gravel, oreriying sboot 90 feet of till. The rifl, which most driDen
voold call either clay and gravel or hardpan, overlies BO or CO fee*,
psrhspt aaore. of sand and gravel. The hwrer aand and graTel atralam
aboorviJea till, and lids bseal rill 10-80 fe*^^ thick, ovoties the ahsle
and limartone bedrock. This hypothetical aad higUy g»n.iafa*d
wefl log naVcta a eanpHfied geolofric section thnnajh the valley-fill

Seech of Dayton near the month of Holes Creek, at the Montgomery
County Sanitary Department well field on Dryden Road, four wells
(M-10, M-I1, M li, M-1S) penetrate deposHa of tin as much us
li feet thick *«to bedded with the sand and gravel deposits. The
tin deposits range hi depth from 45 to 75 feet and probably consist
of s group of closely spaced leases rather than a continuous layer.
The till generally separates the sand and gravel deposits into eat
upper and a fever aquifer: however, recharge to the lower aquifer
in thai area would be expected to be relatively rapid, from water
permitting downward through openings between the individual till
•aasni The Dryden Boad weU field ts favorably located above the
Deep Stage channel, where the sand and gravel deposits are relatively
thick. Bedrock is about 230 fcet below land sarface and about 490
feet abova sea leiuL
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MIAMI ntoxn win. inu> or -xtamunnxT OOOMXT ULXITAKT

The Montgomery County Sanitary Department is developing a new
well field on the west side of the Miami River just below the mouth
of Holes Creak in the Miami Shores area. In 1880 three production
•rolls (M-llj M-16. and M-16) were drilled to depths ranging from
150 to 178 feet, A till deposit about 5 feet thick at a depth of about
68 feet was reported in all three well logs. This till is correlative with
the till interbedded with the sand and gravel deposits at the nearby
Dryden Road well field.

Linn moAD wcu. nru> or XOYTOOKKBT OOTWTT •AVTCAKT DXXAXXXCTT

Less than a mile northeast of the Dryden Road well field is the
Lamme Road well field, also part of the water-supply system of the
Montgomery County Sanitary Department. Here till deposits of
various thicknesses are reported at depths ranging from 40 to 81 feet,
corresponding generally to the position of the tiQ-rich cone. The
till deposits are discontinuous; they are reported in the logs of only
five- of the nine drilled wells in the Area (•wells M-l to M-9). Some
logs report "dirty gravel" at the altitude of the till-rich zone.

Above the till-ricb zone the sand and gravel deposits are relatively
fine grained and are mixed with day. Below the till-rich zone the
deposits are "cleaner" and coarser grained, ranging from sand to
coarse gravel and boulders. The deeper sand and gravel deposits
enclose a lens of day, the top of which is reported in the logs of
several wells at depths ranging from about 90 to 13$ feet. This day
bed, though not reported in all the logs, is 35 feet thick in places.
A sample taken from well M-fi, between depths of 91 and 126 feet,
vms described by Mr. John Eschliman of the Kalph L. Woolpert Co.
as a very detiae clay free of stones. This clay probably was deposited
in I he neuters of a small lake. Though of limited extent, the clay
adversely affects the yields of wells at the Lamme Road well field.

The sand and gravel deposits in both the upper and the- lower aqui-
fers at the Lamme Boad well field contain a high proportion of fine-
grained material, which has contributed to problems of well develop-
ment and maintenance. In the 10-year life of the well field two wells
have been redrilled and all the other wells have been redeveloped.
Specific capacities of the wells originally ranged between about 40
and 85 gpm per ft. The specific rapacities of two wells were in-
creased to more than 100 gpm per ft. by redrilling them and installing
longer wdl screens.

Geologic section /?-/?' (pi. H), which is drawn HTTUSS the Miami
River valley through the Lamme Road well field and il» area of the
Moraine plant* of the Frigidaire Division, General Motors Corp.,
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snows the general character of the nlley-liU deposits. Becharge from
the upper aqmferto the lower aquifer is relatively rapid at the Laoune
Boad well held, as it is at the Dryden Boad well field, becanse of the
dtecontinurfy of the deposits in the till-rich

West of the T«nsae Boad well field, in the ricinity of theFrigidaire
Drrisksi plants, the till deposit* of the till-rich cone are continuous
over a large area. At the Frigldairc plants all bat 1 or 9 of OR w«U
loga show retatirdy thick tin within a zone whose upper surface
ranges in depth from abas* 30 to 40 feet and whose lower surface
ranges in depth from about 80 to 90 feet. The till im this Bone ranges
in thfcknies frran aboat 5 to 70 feet; the aaedian thiriiieaii ia about 80
feet. (Sor pi S.) The tiD, which occurs chiefly a* a widespread
dieac, signifkaaaly reduce* recharge to the lower aquifer at the Frigi-
dsJn plant

Evidence of the hydraulic separation of the apper and lower aqui-
fers is shown by differences in water level tm wells open above a*d
those open below the till-riA aone. This evidence was obtained in-
directly in March 1999 daring repair of well 558, which was tem-
porarily taken oat of Burke becaase of a hole hi the casing. The
wefl B •ertfmtftt bet Keen depths of 95 and 1*5 feeL im«M»li«t«ly bdow
the tiU-rieh zone. The hole in the well casing, which was detected
by plant engineers when the well began yielding warmer water, was
41 fact bdow the land surface, at or near the top of the till-rich zone.
Fn repeiring the wdl a pleg was placed in (he casing a few feet bdow
the bole to sop flow between the apper end lower parts of the wdL
The ping was left in place overnight, daring which time the water
levd rose to 25.1 feet bdow the top of the rasing, or t3 feet higher
then it had been before die ping wu put in. This shows that the
water table m the apper aquifer was a few feet- higher than the pie-
aofnetnf- surface re the lower aqvifer. Water pumped from the loam
aqoifar at the Frigidaira Drvisian plants nrast either leak downward
throBgh the till of the tfll-rieh sone or iow laterally to the weDa from
more distant areas where the till deposits are dkcontinoons or absent.

The Frank 1L Teit Station of the Dayton Power A L%ht Co.
(fornierly the Idler? Ford 9ta.) is jus* within thesoottwra limits of
Dayton, on the south bank of a wide awander in the Hkmi R'rrar not
far from Uarflkm Park. Till, corresponding in alutade to the tfll-
rkh xone, 'a reported in 10 of 12 lop of wells drilled in the TJdnity of
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the Tait Station; however, there la wide variation in the reported
depths of the till deposits and a range oi S-2G feet hi their thickness.
The tfll-rich zone evidently connate chiefly of closely grouped, ir-
regular lenses of till, rather than a continuous and widespread sheet
(See geologic section A-A\ pL 3.) The logs of well 52i and the pre-
liminary test, hole {well 607) drilled ut the same site show almost no
till at the position of the till-rich zone.

Graphs of temperature gradients measured in wells 530 and 531
provide additional evidence of local gaps in the till-rioh zone. The
graphs show that some water flows through these openings in moving
from tho upper to the lower aquifer. Figure 6 shows drillers7 logs
of wells 830 and 531, beside which are plotted the respective temper-
ature-gradient curves. Except for the somewhat anomalou& lower part
of the temperature-gradient curve for well 531. which suggest* the
presence of an unlogged till deposit, zones of colder water closely
correspond in depth to deposits of tiU as logged by the driller, while
warmer water is associated with the intervening or underlying sand
and gravel deposits. The temperature in the wells was measured in
June 1857, when the water in the stream was warmer than the ground
water. The water in the till had not been affected aa much by circu-
lation of water derived from stream infiltration as had the water in
the permeable sand and gravel deposits, indicating that much water
flowed around the till to reach the lower aquifer. Ilad all the water
entered the lower nqnifer by leakage through the till it would have
been no warmer than the water in the till itself. The zones of wanner
water in well 530 reach nearly the same maximum temperatures, while
of the two warmer zones in well 531 the lower zone is much cooler than
the upper zone. This indicates that the movement of water from the
upper to the lower aquifer was taking place more rapidly in the vicinity
of well 530, where the till is absent locally, than in the vicinity of well
SRI, where the flow was chiefly by leakage through the till.

Despite the fact that openings occur locally in the till-rich zone at
the Tait Station, this zone ia generally effective in retarding the move-
ment of water from the upper to the lower aquifer. A pumping test,
made on well 524 in April 1956 showed that, the till was highly effective
in hydranlicBlry separating the upper and lower aquifers.

Annual temperature graphs of ground water from two wells at the
Tait Station, compared to a similar graph of temperature in the Miami
River, also show that the till-rich. zone is hydnmlically effective in
separating the upper and lower aquifers. The graph (fig. 7) of the
annual water temperature in well 521. which is 65 feet deep and
screened near the bottom of the upper aquifer, reveals seasonal fluctu-
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mrncb I3n than ring in the Miami Hirer. In contrast,
graph of wtter from well 58*, which is 155

in the lower aquifer, is nearly fat. Ifaoaemi-
btd anted in the ana, seasonal Jactaafrona would be ap-
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FJCUHB 1.—flrnpHv of annual temperature at water in well* at
tht TWt Station of UM Daytwt Power & Light Co^ eoaptred
wttn that of tite Miami Btw.

parent in UM graph from well SZi, which is much closer to tike river
thantfl veil 521.

In stmunarj, at the Tait Station of the Dayton Power A Light Co.,
the tall-rich son* consists chiefly of lenses ud discontinuous masses of
till Some wells hare been drilled nearly to bedrock without cutting
any ffFl'fipRT>t till deposits. Recharge to wells screened below the till-
ricli zone is by leakage through the till deposits and by the flow oi
water around and between the lenses and masses of tilL Hie area has

7T7-W5O—M— -4
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proved an exnDent on* for the development of large grooBd-water

Gcolofie ttetkn f-O' (pi. 31) shows the character of the valley-fill
deposits along an eaat wnt line extending across the Hjami Bivrr
valley from the vicinity of theMeCaH Corp. plant in sonthweat Dayton
to a point east of tbtNstianal Cash Register Co. plant

The tilT-rich zoo* in the rieinitj of die McGell Corp. pint a about
SO feet thick end IMS betaeeu the approximate depths of 76 and 105
feet. Large difataoM aw acted between water levels as well* open
above the tfll and IB wtfls open below the till.

Tn five teat holes (329-339) drilled at the McCall Cocp. phwt in
the water lerel during driOia^ raafed between Si and 40 feet
the ear&ee antil the welk wen deepeaed bdov the tin-rich
When this was done the (eve! dropped tbmptlj to depths nng-

inglMt««Bi60aad58{eeL Thna, the UU-ri<& zone » highly effective.
hfdfMlkaUr, m •eparatinf the raUey-flll depoaits into two prineipaj
•qaiieta. Their is evidence that ihe till maT<natetn a Its* of said and
fntvv), at indicated on the eroas aeetion.

TbatiD-neh tone ahown in geokifie aecrion C-O" a ptujeeted later-
ally aeraai the Tmllty latjptl j OB the basia of reoord& of welb drilled
at the nanaaBraa. Dairy (well 331), the Ttary Division, of the Kroger
Co. (wefl 394), the Sanafcn* Biacvit Corp. <weO 3CO), and the Na-
tkwJ Caak RejpKar Co. plant. At the Scnahhte Biacok Corp, for
•nwnirlt, vefli era aureeaed in the lower aquifer between depths of
71 and 115 feat, beneath a tOl-rich ioa» approximately 90 fat thick.

At the Satioaa] Caah Itagister Co. plant, which lies Bear the eaat
aide of the ICaan Rirer V.ller and aho near ike eaat side of the
aodariyiaff bedrock valler, till couttaites a huge part of the vaUey-fiD
dapoaka. The tin depomia range widely in depth aad thkhnten, otsnr-
nag maarnly aa irreRvlariy dmnboted lenaes and nuueea. Nearly all
the eoapanT-evaed weUa are acremed below the till; however, the
•paratkn of the wad lad gnvai depoaits into an vpper and a lower
aqvifer probably is mat as dear cut as is indioafed on plate 3. Moat
veeharga to the welb ie by percolation between or around the till
dejMaula Tni»B A0wn by the fact that the wmter level in observation
wefl Mt-S, et the northweat comer of Stewart Street and Pat
fiovleffard. OB the eaat hank of the Miami River, quickly Teaponds
to fihangm of arage in the nearby river aa well as to Tariations in the
pompinf rates at the plant.



OROTCD-WATXB RRBOURCZS, DAYTON AREA, OHIO 43

CE3OTLAI, DATTOM

In much of the central part of Dayton the till-rich zone is composed
of two tills — an upper, relatively thick bed, and a lower, thinner bed.
separated by 20—55 feet oi sand tnd gravel. The upper till is more
extensive than the lower, though both oui be correlated from well
to well over considerable distances. A few wells have been screened
between the two tills in what is considered, somewhat arbitrarily, to
be port of the upper aquifer.

ce. <wrus

The upper till of the tUl-rici. zone is about 25 feet thick and lies
between depths of 40 and 65 feet. The lower till is approximately
15 feet thick and lies between depths of about 96 and 110 feet. Thus,
the tills are separated by about 85 feet of sand and gravel. Both tills
correlate closely with similar till deposits at the Longworrh Street
Station of the Dayton Power & Light Co., more than a third of & mile
east of the Aetna Paper Co. wells.

The Aetna Paper Co. formerly had eight wells 40-42 feet deep
screened above the upper till. These wells went dry. and deeper
wells were drilled 80-100 feet deep and screened bet-ween the upper
and lower tills. Still later, the present wella were drilled through
the lower tin and screened in the lower aquifer.

DArxor nnrxit * uotr oo., uanwoxn mm BTAXTOX CWK.I*

The upper till of the rill-rich, zone is approximately 80 feet thick
and occurs between depths of about 40 and 70 feet. The lower till
is reported between depths of about 100 and 110 feet. These till
deposits, which together constitute the till-rich zone, correlate closely
with similar deposits nt the Aetna Paper Co. plant.

The two principal production wells (23 and 24) at the Dayton
Power & Light Co. plant are screened in the lower aquifer between
depths of 144-172 feet and 120-1S5 feet-, respectively. Temperature
measured in well 24, the shallower well in June 1957, at 5 -foot-depth
intervals, showed a slight, though abrupt, decrease below the depth of
110 feet, corresponding to the base of the till-rich zone.

JDCI.OO noinrora isviaiow, •xvxaix MOMBS OMUF. (wxxxs tt-tty

Conditions at the Delco plant are unlike those that prevail generally
in central Dayton, in that here there are no well-defined till layers.
Of the logs of seven weds drilled at this site, five show till deposits of
varying thickness at depths of 40-95 feet, the approximate position of
the till-rich zone. Till is not reported in the other two well logs, which
suggests that the till-rich zone is composed either of discontinuous
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fences or of an wrefBJs* sheet through which channels w«r« cot before
deposition of the upper Mad sad grav«l aquifer.

The north-central downtown area, in. which the Deloo phot is
looted, Htm at the confluence of three buried TsJleys. At various
tins* m the Pleistocene Epoch, ralley glaciers coalesced in this are*,
and tbe rock material* that they earned were fonnaingipH to form a
complex macs of till. Likewise, when the glaciers retreated, met

.y hare produced at their junction a variety of unusual
ami dcpaeirJOMLl faaftitm For wiunple, sane of the well

at the Deko plant report depoeit* of fine sand of eDMtdenbfe
thicknees. !• tka log of «eQ 86, fine to TCTJ fine sand >• mported
briour tfaa depth of 12* lent, extending nearly to die bedrock svrfmce at
ike depth of 300 fret. Fine wnd, often called "qrekMaMT \>y weD
driHara, is rarely man than 1S-9S feet thick in the Dayton area and

pommoniy jut beneath tbe tiU-rkh;

latezbedded till dapodto of rariable fhicknesa ar» Mported ia the
loga of welfc driDed at the Third Street Station. Till ocom in the
sand and gravel deposit* at depths of about 25-80 feet and 80-110 feeU
One or Uro early veils we erreini.il between the tflls, at depths of
tO-80 fast, but the piesuai wrilc are ecreened beneath the km«r till in
the lower aquifer at depths of 115-H5 feeu

-/)'' (pi. 3) iRostraie fee character of
the Talley-fill deposits in die northern part of Dayton. Section D-D'

m baaed on mesgat data, caieiy that from wells drilled si the plants
of the nayion Castinf» Co-, Premier Bobber Co^ and Oirycler Air-
tamp SsJsa Corps box it is presented to show that in this area, too, the
vsJtsy-fill deposits evidently are saparatad by till into an mpptr and a
lower ssnd and gnird eqnifer. wmilax to generally

i in the Dayton

Geologic <wctaon D^-D" is drawn northward from the corner of
Troy and Valley Screen* thmoffh the Miami Hirer well field of the
city of Dayton, oo the wert hank of the Miami River approximately
SVs mile* northeast of the center of Dayton. Los* of wells drilled at
rlai Miami Bivcr veD 6eld dearly show the nil-rich cone, which
separate* the eand and gravel deposits into an upper and a lower
aqnofer. The upper aquifer, lying immediately beneath the soil and
river aDuvisnm, consists of 30-40 feet of coane sand and gravel, into
which tl* Miami River has eat its chsnneL Beneath the upper
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aquifer are deposits of till, reported in nearly all the veil logs, con-
stituting a Trail-defined tilt-rich zone between depths of about 40 and
90 feet,

Beneath the till-rich zone at the Miami River well field are 50-70
feet of coarse sand and gravel The lower sand and gravel aquifer is
generally underlain by till, which hi turn overlies the shale bedrock.
Most- wells are screened between depths of about 6* and 130 feet as
the test-hole records show that in tliis interval the sand and gravel
deposits are coarsest-.

MAD JEIIVXR VAlUSr

Geologic section A-A' (pi. 3) shows that in the Mad River Valley
the tfll-rich zone consists of two tills, the thickest and most extensive
of which lies about 40-60 feet, below the Ititvd surface. A minor, IUBH
extensive till zone lies a few ieet below the riverbed and. in a smn.11
area above the Keowee Street Bridge, constitutes a local confining bed,
similar to that formed generally by the deeper tiD deposit*. Else-
where in the Had River Valley, the upper till is represented chiefly
by scattered leases,

KX4WKX STaaBT ABBA

In the Mad River Valley in the vicinity of Keowee Street, the upper
tiD forms a local confining bed, similar to that formed by the deeper
and more widespread till which generally separates the upper and
lower aquifers. Evidence of this relatively shallow confining bed is
shown by the fact that water in several wells of the waterworks "old
main, group" or "river wells" occurs under sufficient artesian pressure
to flow. These river wells range in depth from SO to 88 feet and are
screened above the deeper till layer. When the wells were drilled in
1887, artesian pressure was great enough that the wells flowed 5 feet
above river level. Tn an early history of Dayton, Steele and others
(1899,p. 214) stated that:

Darin* tte meatha of July and Ancnat 1887 Hie board of watcrwork* trtwtwc
conntructed. In the ted at Mad Biver, east <if Ktowee Street, a aeries of tube
mile, 30 In number, etgfir toebct In diameter, and at aa rrertge depth of 40
feet. Tbe wator from UMM well* flow* of it* own accord, rising- abmr* tha top*
of tbe walla and abort tha lend of Mad RlTer an arpnge bright of three feet.

According to Mr. Charles Stout, weD-field superintendent, some of
these old wells were opened in 1900 during the laying of a pipeline near
Keowee Street, and water still flowed from the weQs after 73 years,
although under much less artesian pressure.

The artesian head producing flow in the old river wells cannot, be
derived from the heed in the lower aquifer, as the piezometric surface
in that aquifer, shown by water-level measurements in well C-47 at the
municipal softening plant, fluctuates between about 20 and 25 feet
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below the kad ssrfaoe. TW mw irelk tap a. local arteaiaa aquifer
• which water if confined by rlie fallow layer of tiH TiB exposed
in the bed of the Mad Biver about IVi miles abort Keowee Street and
about half • write below Eastwood Park, near the Baltimore ft Ohio
BaOroed bridge, may represent the edge of the tin sheet thai forms
the confining bed in the vicinity of Keowee Street If so, the artesian

ia the old wt9s prabablj originates m the am. of Eastwood
vhen the river » aboot 5 feat, higher than it is in the vionkr

of Keowee Street.
IT

The TmHe?-fill depoeiu in a nile-knf cofment of the ifiad Krer
alley KBKIIJIIH Bear the Find lay Street Bridge are wonhy of apecial

rdattra to the aTmUability of ground water. Near the Mad
Hirer in awd* of this area the tfll-neh aoae eridcotty k abaast. This
i> ahon by the records of cky-owm*d veils C-44, C-4*, and C-4*.
driDed on or near the te*ee on the anoth bank of tike Mad River, and
the record of weU 217, vhieh is 141 fe* deep, drilled at the Dayton
Bam Proof Co. The driller's report <• well 217 states amply, "grarel
all the •way,'5 which is iarterpreted to mean that no till i

41thoa»ji this laaa^m eridoDC* an hardly be calbd eond
olaarhr poinw to the peemfbility that the Findky Stnet area, nay be-
00000 important ED fataie watei -resowcw derelopnauifc invotruiK
ehhar the vithdraval or the artificial rediarginf of huge quantitieE
of (round water. If the t»Tl-nd\ BOO* is abaant cw«r a tuable part of
this mOe-keftf ana. water ran percolate from the sarfaee to the deeper
parts of the aqoifsr much more readily than at moat other places
in the Dayton, area. The pieseuae of nnmerow gravel pits fraaa
which, as frost the Mad Hirer, inffltratioa can originate makes the area
dodbly attraotrre as a pcesOnlJty for large-wale

Teat driOiaf on and Bear Rohrers laknd was bepea in IKS. aatd
aaace that tine die Oaytom Banieipal water lirpeiliaaaat has driDed
aeons of tett holes and prodnerion wells. Aboot IMC, Mr. W. W.
Miiisliiiasi.niiii iTniiit f i a i Fiijidm TTiln T>nisiliMail.-^-^-«
the number of test holes and weDs drilled on Rohnm Tsiaad at Bor*
than 400. Siace 194% several addrtioaal teet boles and psod»utioai
weUs have been drilled on or near the 'oriaad.

Judgiaf from the large number of drill-hole records available, one
might aaanme that the character of the T«lloy-fil] deposits in tJte
Bohrers lalend area is known in great detail TVis « aadted tru»
coaaperrd to oar knowkdge of the deposits in many other areas of
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comparable size in the Miami River end Mad River Alleys. Sig-
nificant gap* in our knowledge remain, however, because most of the
wells nnd test holes drilled on and near Roarers Island were relatively
shallow and did not penetrate into the lower aquifer. Moreover,
nearly all the drilling was concentrated in a few small ureas near the
river, leaving untested relatively large areas between the Mad River
and the edges of the valley. Aim, many of the drillers- logs are sketchy
and inadequately describe the formations. Despite these deficiencies,
there remains a wealth of information on which to base a description
of the valley-fin deposits in the Bohrere Taland area.

In that part of the Mad River valley extending from the vicinity of
Hoffman Dam down at least as far as Tales Hill, the valley-fill depos-
its are effectively separated by a till-rich zone into an upper and
a lower aquifer, typical of conditions generally in the Dayton area.
(See geologic section. A-A', pL 3.) This fact has been recognized
by waterworks officials for many years. Indeed, it ia probable that
tlte aforementioned area was the first in which the separation of the
sand and gravel deposits into an upper and a lower aquifer was oon-
aidered as a. factor in well development. The water in the lower
aquifer was known to be harder and higher in iron content than the
water in the upper aquifer, and before Dayton had a municipal water-
treatment plant few wells were drilled to the lower aquifer and these
wen seldom pnmped. After 1953, when Dayton buih a treatment
plant, more wells were drilled in the lower aqnifer near Rohren
Island and these became major sources of supply. The drilling of
the deeper wells also yielded much valuable information on the char-
acter of the valley-fUl deposits.

In the vicinity of Rohren Island the upper aquifer is about 65 feet
thick and the lover, about SO -feet thick. The till-rich zone which
separates the aquifers ranges in thickness from about 11 to 50 feet
(Xorris, 1959, p. 3: Xorris and others, 1948, p. 52). The upper aqnifer
contains interbedded lenses of tiD in the vicinity of Bohrers Island.
Farther downstream, between Harshman Bond and Tates HDl, the
shallow till deposits can be correlated from well to well and evidently
constitute a widespread, nearly continuous sheet lying 20-30 feet
below the land surface. The till sheet that forms the shallow con-
fining bed in the vicinity of Eeowee Street is no doubt correlative
with the shallow till deposits at Rohrere Island.

Ai Rohrers Island the shallow till deposits impede recharge from
the Mad River to wells drilled in the upper aqnifer. The wells of
highest specific capacity are located in anas where these till deposits
are thin or absent (fig. 8).



EXPLANATION

O
CneluMM »ro» In wbith Uim1 is liUki

or m Ml »l»w feptfc of 00 R

Woll wiUk Hvnifk uMpnuily
Ilka MO mm |wr ll

i
B

I
g

I
0 MO
1.4 .1, ,1 , I

IflM
I (h«n MM fpm |wr ft

riovii ft^-Kktllww rill tlfpvflta, wrtto of hifb ipMlflo nod rockirfo IMNMI«, Mohnri Iitaod.



GROUND-WATER KESOrTlCES, DAYTOX AREA, OHIO 49

HYDRAULIC PROFBRTTES OF THB VALLEY-FUiL
DEPOSITS

The functioning of the natural hydraulic system, of which the
valley-fill deposits are a principal component, is basically ample.
Partly filling the preglaoial bedrock valley that passes through the
heart- of Dayton is some 150-250 feet of glacial deposits, consisting
chiefly of sand and gravel, over which the Miami Elver and its tribu-
taries flow. Below the depth of a few feet- the sand and gravel gen-
erally are saturated, and wells drilled into these permeable deposits
yield large quantities of water. As water is pumped from storage
in the deposits it is replenished principally by infiltration through
riverbeds. Some recharge is derived also from rainfall that enters
the ground in the vicinity of the pumped wells, and from ground water
diverted to the wells by interception or capture of ita natural flow
from the uplands into the streams.

Although simple in principle, the mechanics of this hydraulic sys-
tem are complicated in detail Differences in permeability of the sand
and gravel deposits from place to place both laterally and vertically,
and variations in streainn'ow and in the rate of stream infiltration, as
well aa the distribution of pumpage, are among the factors that must
be considered in evaluating the ground-water re

Of considerable importance too are the effects of the till-rich zone,
•which generally separates the valley-fill deposits into an upper and
a lower aquifer and impedes recharge to the lower aquifer, in which
nearly all the wells are screened. The till-rich cone confines water
in the lower aquifer under artesian pressure. In the upper aquifer
the water generally is not under pressure but ocean under water-table
conditions.

ABmuxAjr AOD WATXB»TAKUI comrcxom

The upper aquifer is similar to a surface reservoir such as a lake,
and the water table or upper surface of the saturated part of the
aquifer is analogous to the water surface in the lake. In the lower
(artesian) aquifer no true water table or free surface exists. How-
ever, the levels to which water will rise above the semicon fining bed
in tightly cased wells form an imaginary, piezometric (pressure-
indicating) surface, which in a sense is analogous to the water table
in the upper, unconfined aquifer.

When a well is pumped, the water level is drawn down in the well
and in a cone-shaped area of the aquifer around the well. If the
aquifer is homogeneous and of large anal extent, water flows to the
will from all directions in response to the hydraulic gradients created
by pumping. If the well is drilled in an unconfined aquifer, water
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i toward the well by granty and drains from storage mi the <
of influence spreads. Dewatering the aquifer slows the effects of
ptnaping, and the drawdown that occurs within any ipecifidd time
• nailer than it woald hare bees. had little or no stored water been
available. When a veil in an artesian aquifer is pumped the aquifer
« mot drained by gravity, except. perhaps in the IniBMiiliitu Ticuuty
of the. veil if the water lerel is drawn below the upper
A* only s little water is made available from storage, by elastic eon-
piwBTion of the aquifer and expansion of the water, the cone of influ-
ence moat eJiu»Nl our a greater «nw to indnce the amount of water
being pomped to flow into the w«H, and the effects of pnmp»f mre
qukkly tranaautted from one part of the aquifer to another.

Conflirtn the effect* of pumping each of t wo idenural '
in aand aad gnrel deposit* biTing permeabflitaM and
typical of each depoota in the Davtoat area. Owr hypotlvtieal
fan are of large areal extent and differ onlr in that oae it an aiteaiaB
aqailei, in whieh water ia under pressure, and the other ia mn wBcan-
fined aqnifBr, ia which w*ter-table conditions pivrafl (that- ia, the
wmtvr ni under aJjaoanh^rM-. ptMmra only). Jkaceme- that each weD
is pumped at IjOOO gpai for a period of 1 day, daring which time the
w«JU reeetve no repknishwient from any aoBrea. Pmder theae eoodi-
tiona, the drawdown at the end of the pwmping period m nljumalinai
wefls located 800 feet from each of the puaVped wdk woadd be aboot
1 foot in the mmonfhied, wat«r-*aW* aquifer and abowt 7 feet i» the
arteaian aquifca. A drawdown of 1 foot, such as would have oe-
evrad 100 faet from the trail being pvanped in the wster-tahie aq«i-
far, would ocenr about 1)4 mUea from the wen being |)Mi|ii il in the

Tb» till-fieh soa* that generaUy confines water in <
in the Daytoai area is an imperfect «^nafinjmg bed. Water wiD leak
through the UH as soon as a difference is established between water
Ian all in the acmer and lower aquifers. Recharge by leakage into
the low aquifers anally begin* toon after pumping starts, sbwing
ths rate of (kawdown in this aquifer and eventually supping it en-
titeJy. Obasrvations kaw show* that recharge from leakage throogh
the mnfining bad may begm to take effect at any time from a. few
aainntee to asvsnl boon after pumping starts in die lower aquifer.

Ths tiD-ridi seas is absent locally in rhe Dayton area, and in these
areas there is actually only one aquifer and water-table conditions
prevail. Tn other places the Hll-rich sons toanaiHi of diavuuliBiaous
Jsjan and leases of tin which imperfectly separate the sand and
gravel deposits into two aqmifer*. When wefta in the lower aquifer
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ire pnmped in such, areas, they may respond initially as though
artesian conditions prevailed and then the response changes vary
quickly to water-table characteristics as flow becomes established be-
tween and around the till musses. The effect is the tame as though
the lower aquifer were ideally artesian and the rate of leakage through
the confining bed were very high.

Conditions in the upper aquifer, where water-table conditions gen-
erally prevail, also are far from ideal. Because of the horizontal
layering of the deposits, and the local presence of interbedded till
deposits, the permeability measured parallel to the bedding is gen-
erally much higher than the permeability measured normal to the
bedding. As & result, the aquifer exhibits artesian properties to
some extent, and the water level in a well being pumped responds
initially as it would in an artesian aquifer. However, as the cone
of influence grows, vertical drainage of the saturated sediments be-
comes a greater factor in sustaining the yield of the well, and water-
table conditions are eventually established.

In a few places in the Dayton area, especially those in which little
or no ground water is pumped, the water table in the upper aquifer
is within a few feet of the land surface, in the zone of soil and allu-
vium. The surficial deposits in this zone are relatively impermeable
and in places may act as an imperfect- confining bed, producing local
aemiarteaian conditions in the upper aquifer.

The recognition of and distinction bet-ween artesian and water-table
conditions are of major concern to those engaged in pumping-test
analysis in the Dayton area. Pumping tests are being used more and
more by hydrologists und by some well drillers to determine the char-
acteristics of aquifers, sources of recharge, and yields and proper
spacing of wells. However, the difference between artesian and water-
table conditions is much less R- factor in determining the yield of wells
drilled in the valley-fill deposits than are variations in permeability
and thickness of the aquifers, choice of well screens. And degree of
development of the wells. Moreover, yield is determined to a greater
extent by the location of wells relative to sources of recharge than by
all the aforementioned factor". Wells screened in the upper aquifer
will yield much more water per unit of drawdown if they are close
to an mftltrat ing stream than if they are some distance from, the stream,
other factors being equaL Wells drilled in the lower aquifer will yield
moat in areas where the rale of leakage through the confining bed is
highest for a given head differential. The ideal place to drill welk in
the Dayton area, for largest yields, is as close as practicable to a large
infiltrating stream, in an area where the till-rich zone is absent or
ineffective as a confining bed and where, as a consequence, there is
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virtually OB* sand and gn.nl aquifer extending from river level down-
ward la the bedrock aortic*. A. farther requirement wovJd be to drill
ths welhl where ground-water levels hare not bees appreciably lowered
bypampeag.

ABU ROBASB

Properties of the valley-fill deposits enabling them to act aa a storage
roam oil end to transmit water to pumped wells under various hy-
draaUe gradients rank m importance next to the availability of re-
charge m deterntiniag the magnitnde of groand-water sapplies in the
Dayton ana. Tammnm* nf ••!! i l i lun iiidi nr inlrsnril frisjs nnrtjT
is important became it owally sets limits on rate of vithdiaval be-
tveea periode of repkukhment. The permeability and the, aaleaated
lTiiifcm«a of the depotto (the prodvet of these a eallad the UBJISMBV
•bitiry) tofether determine the rates at which water wfll nore in the
•q»ji£ei» under varioea Tirdraalic fradiente.

The specific yield of an aqvifer is the ratio» naaaDy ttptmnd as a
percentage, of the mlua» of water that, will drain by gravity froa> the
material to the torsi roiecae of the Mtnrated material. For sand and
gfrnvel deposits the tpeeifc yield commonly nages from 10 to i» per-

the easet figme depending partly npon ike length of tisae the
i ere aOowcd to drain. If a specific yield of 80 ptneBt is
for the Taller-fill deposits at Dayton, then m estimated 1%

of water would drain from each cabk foot of the material
dving dewmtermg. The ralley-fin drponts uadetUliig an area of 1
square mile—luufhly the sne of Dayton's downtown district—would
thsis yield from, storage acarhr 42 million gallons of water if the water
table were k>»ued am average of 1 foot over the esAire area. Obri-
ovtyt • very huge ifssBiiij of water is in storage in the valley-fill
deposits.

A eosamonly sued measure) or coefacmt, of permeabiUy is <hifin>d
aa the nwober off gallo»s that win flow in 1 day throvgh a 1-footreqnaie
vertieal eactioM of an •qvifor mmdvt m hydraofie gradieat of 1 foot per
foot; that ia, under a vertical drop in water level of 1 foot for each
foot of horizontal low. The eneJEcient of permeability of a typical
d«j or till may be 0.1 gpd per 04 ft or less, whereas that of a weD-florted
sand and gravel may he 2JHN) gpd per sq ft or more. As computed
from pampiag testa, the eodcirnt of permeability of the saad and
gravel deposits in the Dayton area typically ranges btliiuai about
IjOOO and SjOOO gpd per sf ft. The cotwlHeat of permeabifity of the
tin-rich none ra the virinity of Rohrrrs Uland nutgea between OuOS aad
OJ3 gpd per •) ft (Norrn, 19*9, p. 13).
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The rate of flow of ground water is governed hot. only by the perme-
ability of the Aquifer but also by the thickness: the thicker the aquifer,
the greater rhe quantity of water it will transmit in a specified time
under a given, hydraulic gradient. The product, of the coefficient of
permeability of an aquifer and the thickness ia termed the coefficient
of transmissibility and is -usually expressed as the number of gallons
of water that -will flow in 1 day through a I-foot-wide vertical strip
whose height equals the full saturated thickness of the aquifer, under
a hydraulic gradient of 1 foot per foot. A sand and gravel deposit
whose coefficient of permeability is 2,000 gpd per sq ft and whose
saturated thickness is 50 feet would thu& have a coefficient of transmis-
sibility of 100,000 gpd per ft (2,000 gpd per aq ft x 50 ft). The
coefficient of transnniasihility is a more •useful term in describing the
water-yielding properties of an aquifer than is the permeability alone.
The coefficient of transmissibilit.y of the valley-fin deposits, as deter-
mined from pumping testa, ranges from 135,000 gpd per ft for the
lower aquifer in the vicinity of Rohrers Island to about 250,000 gpd
per ft for the lower aquifer in the vicinity of the Tait Station of the
Dayton Power A Light. Co., hi south Dayton.

In areas where the till-rich zone is absent, the transmissibility may
be as much as 600,000 gpd per ft, although a value this high has not
been computed from an aquifer rest- during this investigation. Such
a high value is theoretically possible, however, as a coefficient of per-
meability of 3,000 gpd per sq ft has been computed for glacial outwash
gravels similar to those in the Dayton area. Where such deposits
are 200 feet thick, the transmissibility would be 600,000 gpd per ft.
A maximum transmissibility of 500,000 gpd per ft for the valley-
train deposits in the Dayton area is more likely, however, since these
deposits probably do not have a uniform permeability of 3,000 gpd
per sq ft through their entire thickness.

Typical industrial, commercial, and municipal wells drilled in the
valley-fill deposits in the Dayton area range in depth between 60 and
200 feet and yield 100-8,000 gpm. The largest recorded yield is 4^00
gpm, from a 90-foot well (0-29) drilled by the Dayton Water Depart-
ment on Rohrers Island. Most of the municipal wells tapping the
upper sand and gravel aquifer on and near Bohren Island yield 1,500-
SyjOO gpm from depths of about 8&-90 feet. In the same area 10 deeper
veto (C-l—C-6, and C-32—C^35) screened in the lower aquifer yield
2,000 gpm each; the total yield of these wells is about 15 mgd.

Typical industrial wells, such as those at the Frigidaire Division
plant at Moraine Chr, yield 600-2,000 gpm and range in depth
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froB 110 to luO fa*L Well 524, which, is 155 fret deep and is located
at ta* Tah Station of the Dayton Power 4 Light COL, in •onthern
Dayton, yielded 1.000 gpn during a pumping teat.

To help conrey a better unbWstmading of the significance of varioas
eosttcieKtsof tramsnisaihiliry and othermeaaurements used toevahate
the water-yielding ptopenies of aquifers, figarei 9-11 axe provided.

graphs ahow the yields of idealized aqaifera of three types:
those reeaiving no recharge, those receiving rediarge from a line aoorre.
and those receiving recharge by leakage through • alightly permeebk

iBJF had.
The drawdown-yield graph (fig. 9) for a 12-inch well abovs th*

theoretical rriaaomhip between yield and drawdowm in ideal aqeiien
of TmrioH* lri«aiiiiatliiTi(l«n when the well ia pumped steadily for 1
day. The drawdowns OB the graph axe thoee that woald oosor if the

and of inaaite area! extant, if the
punned wera all froaa atorage. and if the wall «•*» 100 percent eficienL

ear prr foot.
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As the aquifers are assumed to be of infinite extent, no boundary effects
are shown.

The graph is intended to convey a general idea of the significance
of various coefficients of transmissibility. If it were used to determine
the transmissibility of a sand and gravel aquifer from field data or.
conversely, as a basis for predicting the drawdown in & well tapping
an aquifer whose transmissibility is known, only a very general ap-
proximation could be expected. One reason for tins is that the effi-
ciendea of veil* screened in Band and gravel deposits vary greatly.
The drawdown in a- poorly developed well may be many times greater,
for a given pumping rate, than the drawdown in a properly developed
well tapping the Game aquifer.

The principal reason, however, why the drawndown-yield graph
would give misleading results if used with field data from the Dayton
are* is that recharge to a well usually becomes effective in « matter of
minutes or within a few hours after pumping starts. Recharge slows
the rate of drawdown or stops it altogether, and the drawdown after
1 day's pumping is less than it would have been if no recharge had
reached the welL

Recharge most commonly is derived from an. infiltrating stream if
the wells tap the upper aquifer, or it » derived from leakage through
the tin-rich zone if the wells are drilled into the lower sand and gravel
aquifer. The infiltration graph (fig. 10) shows the specific capacities
to be expected of wellfl 12 and 24 inches in diameter drilled at various
distances from an infiltrating stream and In aquifer? of various trans-
miseibilHiesL The specific capacity of a well is the ratio of the yield to
the drawdown and is usually expressed in gallons per minute per foot
of drawdown. Thus a well having a specific capacity of 50 gpm per
ft might yield 1,500 gpm with 30 feet of drawdown, or 3,000 gpm with
40 feet, of drawdown, or any specified quantity so long' as the ratio of
the yield to the resulting drawdown is 50 gpm per ft.

Comparison of the infiltration graph (fig. 10) with the drawdown-
yield graph (fig. 9) shows no great difference in drawdown for a
given pumping rate in a well drawing from storage in an infinite
aquifer and in a well receiving recharge from stream infiltration. For
example, the drawdown-yield graph shows that after 1 day a draw-
down of 8 feet would occur in a 12-inch well pumped at. 1,000 gpm
and tapping an infinite aquifer whose coefficient of trananisaibflky is
200,000 gpd per ft The infiltration graph shows that under similar
conditions, except that the well receives recharge from a stream 200
feet, away, the specific capacity would be about 188 epm per ft and
hence, at a pumping rate of 1,000 gpm, the drawdown would be about
IJb feet. In comparing the two graphs, it must be remembered that
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the well sod the drawdown for vanou values of the leakage onHeienl
pr
— i, where P* is the eoefldent of permeability of the confining bed and

•t'Mhitnkkneaa. If theconfiaung bed thrash which leakage is
has a coemcient of permeability of 0.1 fpd pa- «j ft rod •

rkidme* of 10 fctt, ilc leakage eoeficient is°J g *** *, or 0.01

gpd per en ft. Tfce graph ebows that wader the c
th» drawdown in a. 24-UMh wall pnpcd si LjOOO fpm wiD be *bo«t

The kaksfe ooeBeieBt of A* tdD-rich tone in the vidnhy of Hehien
Utad nagei from (L001 to 0.012 gpd per em ft, sad the *MJSiitnt of

•bilitr of the till rmn^m from 0.08 to 013 gpd per eq ft, u
(Norm, lfc&, p. 12). Wmltan

p. 18) determined thet the leakage eoeffcient for (bebl tOk and ebjs
at aero place* in Uliwiis ruged from 0.005 to QM ffpd. perco ft and
tt%mt rtio m

lite range m penaeability detemined. by Walton for
oooJoJng bed* in Dfinoia wa» fran OJ08 to OjO gpd per
order of aMgutade « that dtlci»i»ul far the tiD-rieh

nithe TioiBJlj of Kohrenlaland.
Mo*edate on the [leiBUjeliilHj of glacial tiD and clay wens ohtaiaed

ftoaalaboratarT taete of ftmr saaiplee of (in aadoBeaampfeof Tarred
finely kmJMted eky collected in the Dayton area and anatned by the
U.S. Geological Surrey in Denver. Th» ooaCcient of pemeabifity of
the city sueple, aa detcnuned by permeameter mrtboda, was 0.1 gpd
per aq fL For three of the four till •unplea fhe ux<ata<«t of perme-
abiE^ ranged fnm OJ01 to QJ gpd per ^ ft, wtaA caanpana ekiaely
with the raag* of till pemeabifitiM dctcraiaed at Bohren Telaad
awl in LBBMna. Toe eoeCeiettt of perneabilitT dmii aiiiied for tfce
other tin •aaBpie from the Daytoa «m waa rery high amd n believed
tobemerj<or.

Aeeonfing to the evideaoe, a typical eoeficient of [xnaMeliillfy of
gkekl till » aboat 0.1 gpd per sq ft If meh » till » 85 ieet thick

in aa> onderlyinfr aquifer, the leakage ooefieieBt of

gpd pere.lt Thw, as

by the "fcaiy-aquifwr'1 graph (by JHterpolatkn), the theo-
ntkal drawdown n a 24-meh well pnmpmg 1 )̂00 gpm from as nnder-
lyiag artoaira Hpiifer whoes eoafieient of transanasflnKty is 200JKM
gpd per ft m abont 6 fcet Soeha well would have a apedficeapeeitj
of about IflO gpaa per ft, coneepuuding to that of a aanflar wdl in

r-tahl* aqoiira- of the eame *f*4$*~*t of transnuowbilitj located
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about 100 feet, from an infiltrating stream. (See infiltration graph,
fig. 10.)

COXBTBUCnOV AVO DBTOUOPMBOfT OT

The const ruction and development of wells in the Dayton area have
evolved in recent years into fairly standard methods and procedures.
Typically, when weOa are drilled for a factory, the choice of the drill-
ing site ia restricted by the property lines to a plot of perhaps an acre
or leas. The well site is selected by the plant engineer, who is guided
by the general layout of the plant, the location of any existing Trails,
and the accessibility to existing power-distribution, tines. Test holes
are usually, though not always, drilled at the choaen site before the
production well is put down. Results of the test drilling, together with
records of existing wells, may dictate a different site for the production
welL

Proposed well aitm are usually rejected ii the aquifer contains ex-
cessive amounts of silt or clay, or if layers or masses of till are present
that locally replace the permeable sand and gravel. In a very few
instances, the results of test drilling have been so discouraging to
drillers and plant officials that no attempts were made to drill supply
wells. Where the plant grounds cover a relatively large area, say
10-20 acres, several test holes may he put down for each production
well drilled. Usually, the test holes are drilled by cable-tool or
percussion -type equipment, similar to that used hi drilling the produc-
tion wells. In rwent years use of rotary equipment- has become more
common and is generally acknowledged to give better results in test-
hole drilling than does percussion-type equipment. One driller uses
a mechanical separator during drilling to remove the sand and gravel
particle* from the drilling mud for inspection, and he logs the hole
by means of a portable electric logger, which makes gamma-ray,
resistivity, and self-potential logs of the formations. Use of these
geophysical tools usually gives a far better picture of geologic
conditions at the site than can be obtained from drillers1 logs alone.

TFhen. the production well has been drilled to the selected depth, a
brass or bronze well screen is lowered to the bottom of the casing (fig.
12) and the casing is then pulled back, exposing the screen to the sand
and gravel aquifer. The diameter of a typical production well is
governed by the anticipated yield of the well; if the expected yield
is large, tlie casing diameter also trill be made relatively large, so as
to accommodate the required pump. Wells yielding 100-300 gpm
commonly are 8-8 inches in diameter; wells yielding 300-500 gpm are
fr-10 inches in diameter; wells yielding 500-1.000 gpin may be 10-12
inches in diameter; and those yielding 1,000-3,000 gpm are 16-20
inches, or more, in diameter.



60 BEMCBttS. UATftMT Jtta, OHM)

]£—iMtaBattaa «f a well aeriaa at the FdiMakc ntrMea ptaat at
Ovr Aftar acrec* la ta place. euU* will b* paM tack I* cxawe
n tm ik« *Ba4 aat fnr«l aquifer.

Theoretically, racreaaing the diameter of a well does »ot increase its
yield proportionately, and calculations «how that under water-table
conditions the yield of a 24-incl wvIT uonJy 15-30 percent •reaterthan
the yield of a 3-inch veJL In practice, however, well diameter vanally
ha* a very significant effect on the yield owing to comparatively large
head IOMC through sviaJl-diamrteT well wreena. In. ooaaparing the
ynlds of 15- and l*i-ttrh wells screened in sand and grard deposits at
Louicrilh, Kyn Boraha^h (1M3, p. 11) stated Uwt for rdatmly
low disdiarge rates the specific rapacities of the welb differed by leas
tha» S percent, bn for cornparariTely high rates thev differed by mom
than 10 percent.

In the Dayton area there is a fairly eloM corrdarkMi betmeeii the
1 weOs aad then- specific capacities, according to pampiatg-
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teat data frum approximately 130 veils. Most of these data are from
drillers' acceptance tests, usually lasting 2-3 hours. Commonly such
a test- is ended when the water level in the well approximately sta-
bilizes or "levels off," as determined by periodic measurements made
with a steel tape or an air-line gage. Of the wells studied, 27 were
less than 12 inches in diameter, and all but 8 of these had specific
capacities of leas than 50 gpm per ft The rest of the weDs studied
ware 12 inches in diameter, or larger: 65 percent, of theec larger wells
had specific capacities greater th&n 50 gpm, per ft.

Although the greater ecreen-iniafce area resulting from the increased
well diameter is probably the major cause of the higher specific capaci-
ties of the larger wells, it may not be the only factor. When wells
are pumped at relatively high rates, recharge effects occur more
quickly than when the same wells are pumped at lower rates. During
short periods of pumping, as in typical acceptance tests of wells, this
fact becomes important A. well pumped at a relatively low rate may
draw water entirely from storage in the aquifer during a pumping
test of a few hours' duration, whereas the cone of depression formed
around the same well when it is pumped at a. higher rate is larger
and may reach a source of recharge long before the test is over. Re-
charge slows or stops the drawdown, and the computed specific capac-
ity of the well is therefore much greater at the higher pumping rate,

Modem pumps in the Dayton area are almost all the deep-well
turbine type. In the turbine pump aa electric motor, mounted on
the casing and coupled to a long shaft, turns a series of impellers
housed in the lower end of a vertical column suspended in the well
below the water level. Water enters the column at the impellers,
is forced upward, and is discharged through an orifice in the pump
base. The discharge is governed principally by the number of im-
pellers, culled stages, ns*d in the pump. These ran be added or re-
moved ns the occasion demands. The design of the deep-well turbine
pump eliminates the need for costly shelter* or pumphooses, and moat
«udi pumps are placed in the open where they are readily accessible
for servicing or maintenance (fig. 13).

The deep-well turbine pump has been in common use for about
!M> years. Before its advent, displacement or cylinder-type pumps,
centrifugal pumps, and a few air-lift pumps were used, and some
of these types are still hi service in the Dayton area. The jet or ejec-
tor-type pumps, in common nm on rural and domestic wells, are seldom
used in industrial wells because of their small capacity.

The first step in the development of an industrial well in the
Dayton »r*H IR selection of the proper screen. Thirty or forty years
ago «rr*enn were considered primarily as strainers whose function



BCSOITBCEB. DATTOX MBA, OHIO

DaflyStw*

w«n at:
of tk» Dayton

to

WH to e^ude from the vvnerervthing bnt the water. Consequently,
th* riots or opening! in the screens were made small enosjch to keep
oat mad sad other fine peotkhft. Tfcis concept has changed, however;

wall screeM ar» designed ao that the openings are large enough
40-40 percent of the aquifer natarialfc. Tk* rae of the screen

k s tTpioJ prodoedon well is usullr dHetmiaed from
s> sieve sas^vs of tend and gmvrl sunpJes collected im driOhis; the
test iiofe. Dorms; devdopenent the finer grained material is washed
through the tram snd ic reauved from the well by puping or hail-
ing. *Hus fonw what is termed a natural "gravel padr" around the
weB sensn and eaiialT/ remits in a much more efficieavt well than that
nlKsinsil by earlier eonatractioo nethods.

Artafiaal gravel pacss also ire used in aoeue weOa. These are cosi-
by Qrat potnng down s targe-diameter carsang. into whirfi
a essing of smaller diameter having a screen at iu lower

The annular space belaeen the latKe-diaaaeter ouing aatd the
wall screen is filled wtih gravel of predetermiaed tarn and the oater
casing then is withdrawn, exposing the gravel padnftg.

A faw well SUUBMV in the Dajton ana are of cemented gravel con-
straftion. in which graded gravel is mixed with cement and cast into
• porooa thick-wmtied screen rainforredbT wiremeah and longitndmal
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iron rods. The sizo of the gravel used in theie screens is determined
by analysis of samples of sand and gravel from the aquifer.

A. few industrial wells in the Dayton area are not screened at all.
except through perforations in the well easing. Most of there wells
were drilled during World War El, when metal screens were scarce.
Some, though not all, an- of Low efficiency or short life. A well driller
informed the authors that he was replacing several -wells, 12 years old.
in which perforated easing was used in place of screens.

The yield of a well w roughly proportional to the length of the well
screen, as the more fully a well penetrates au aquifer tie smaller are
the losses due to "partial penetration," which occur even in a perfectly
homogeneous aquifer. (iSe* Peterson and others, 1953.) In the sand
and gravol aquifers at Dayton, horizontal layering of the deposits
causes the permeability transverse to the bedding to be much less than
the permeability parallel to the bedding. In some areas thin layers
of clay or till interbedded with an otherwise homogeneous-appearing
sand and gravel aquifer may further reduce the permeability in the
vertical direction. Those factors greatly increase losses in wells that
only partly penetrate the aquifers. The obvious solution to this prob-
lem is to me a long screen, which can "tie together" the more permeable
ports of the aquifer. Moreover, the longer the well screen, the greater
is the total area of the screen openings and the smaller is the head loss
as the water flows through the screen into the well.

The screen lengths of about fii) weDs in the Dayton nre& were plotted
against their specific capacities. Wells whose screens were up to l<>
feet in length had specific capacities up to 40 gpm per ft.; wells whose
screens were 10-20 feet in length had specific rapacities up to 160 gpm
per ft.: and wells whose screens were 20-30 feet in length had specific
capacities up to 320 gpm per ft. These are maximum or near-moil-
mum capacities for the respective, screen lengths. Some, wells studied,
whose screens were 20-30 feet long, had lower specific capacities than
well? having 10-foot screens.

After n well is drilled and the screen is installed, the well is devel-
oped to permit water to flow more freely through the sand, and gravel
in the immediate vicinity of the well screen and thus to enter the well
with minimum head loss. Development consists of removing part of
the finer grained material from the aquifer: this causes rearrange-
ment of the sand and gravel panicles adjacent to the well screen.
Removal of the finer panicles from (he sand and gravel envelope sur-
rounding the screen reduces the chance that, the well will Sand up" or
"pomp sand1' when the pump is installed. The foregoing terms are
commonly applied to the fouling of the pump or distribution lines by
fine sand pumped up with the water.
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Sometime* weD* an developed by introducing compnaaBd air into
the water dimagli a king horn or pipe. This agitates and lifts the
water mUQ. lado* with sand and other particles washed through the
weH screen, ii owrfiowt from the cuing.

Ths inott eomawm awthod of deTBloping weDs in the Dayton ana is
by sorgimg. I» that method a tightly fitting serge block aJand to
the drilling tool • worked np and down in the w«0 Eke a ramrod ma
gas. TVis forces water hack and forth through the weU screen at
comparatively high relocaty and brings fh* finer mwterieliato die well
wbue it caa be removed bj hailing. Tltoroogh dwelopoMnt avay ve-
qnin l-fi day« or eva« 1ong«r aad is aauaDy worth Laaezpanaeoai the
bam of imaiping eoata alcne. The difference m drawdown, battietn
wdbthat an pcopariy developed and wells tint araa*t iaooavaonJ; at
maehaclOiaeL Forapavpingrataof 1^00gpm, Aaooatofopent-
iag an inpnperljr dcvrioped well may he as amen aa $1 per day awre
tfcaax for openung a properly developed well After a few jean the
additional |"̂ rju**g coat amid equal the original coat of the well.
Monorac. added maintananre probieaM asually ate >«tnria«ed with in-

Som» well* datfine m eftkiency after a few yean and may nqoue
ndavakpnmt at intervak. Several eomditions may cants this dcelawe.
Ilia moat eoaaaMn « an incnatatNO of tKe well acrevn raeaedbj ekhar
the dapoaitiaB of tiny marerials in the screen opeaJngB and in the eand
andgramtl adjacent to rhe KPeeuorby the growth of iron- arsalfato-
fntmtag bacteria » a sliaty deposit, which clops tha well acinea or the
gnrel aruaad the welL

Iron-focanng bacteria of the genus Cremotkrif aaay gtov in water
eoBtanung tror ia exeeas of aboot 0 j puts per »nillw»j lf«*}|««<f of
eoatral indede diainfeotJon and regular treatment of tha well and
peaaping eawipnMOt with hydrochloric arid or other chlorine ocan-
poanda. Where eontaaiinafion eactenda into the aojnfer, jjoaaedistanrr
away from the well face, it is difieult to oontrol and may eraumlly
tajailan aa entire well field. Caa4mtninatioo of anaojaiferateralarge
ana • not known to ocoar anywhere ia the Dayton ana, though the
problem locally ia ante and should be eanfally watched ao that wkkv
apnad control meaamres can be taken quickly if neccuary.

. problems of well maintenance camed by iroa-fonaing bee-
hare miLuned at the XaUonal Cash Begnter Co. plant and at

the plaata of the Dafeo-Morame and Prigidaire Divwon* of General
Motor* Corp. At the National Cash Begister Co. plant a weU drilled
in 1180 was treated with acid in 1054 and again in 1958 hi efforts to
teat ore hj eCciency, which had been appreciably radeeed by Hie
growth of iron-forming bacteria. At the Delco-Moraine Division
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plant, & well (No, 338) drilled in 1948 to a depth of about 125 foot soon
declined in yield and WHS deepened in 1950 to 200 feel. Sine* ItiuO
the well has twice been clogged by bacterial growth and both times
was treated with acid. It has mm been abandoned. No doubt the
yield of many other wells in the Dayton area has been adversely af-
fected 'by iron-forming bacteria. The problem warrants a more
systematic study than was possible during this investigation.

COMTRO£UBD PUBiPTXQ TB8TK

The method moat commonly uaed to .determine the storage and
transmission properties of an aquifer is baaed on the noneqnilibrnun
formula, which was introduced by Thais (1935). In this method the
effects of pumping a well at a known constant rate are measured at
several observation wells that tap the same aquifer. Graphs of draw-
down versos distance from tho pumped well, or of drawdown versus
time since pumping started, arc used to solve equations that express
the relation between the coeffieiwit* of transmitaibility and of storage
of an aquifer and the lowering of water levels in die vicinity of a
pumped well (Brown, 1953).

By methods based on the theory of images (Ferris, 1916), boundary
effects are evaluated whereby the position, with respect to a pumped
welL of a source of recharge (such as an infiltrating stream) or of an
impermeable barrier (such aa bedrock valley walla) can be determined.
Effects of leakage through & semicaunning layer, such as a, bed of
glacial till, may be determined by methods described by Hantti?h
(1955). Examples of puinp'mg-test analysis were presented by Walton
(1958, I960) andbyNorris(1959).

Control of pumping testa is made difficult in the Dayton urea t>y
interference from other wells and by the scarcity of observation wells.
Technical difficulties hamper maintainance of constant pumping races
and precise measurement of ground-water levels in observation wells.
Close control of M pumping test for periods longer than a few hours
usually is not possible in the Dayton area. This difficulty, plus the
heterogeneity of the aquifer, complicates interpretation of the teat
results.

One of the most difficult problems of interpretation is that of de-
termining whether recharge to a well comes directly from an infiltrat-
ing stream or from vertical leakage through a till bed. The effects on
ground-water levels observed during typical pumping tests are much
the same for either dourre of recharge. Seldom are there enough
properly spaced observation wells to indicate unequivocally the source
of recharge; consequently, a great deal of judgment based principally
upon a knowledge- of the geology is involved in the anfilysrn.



Serious error might result in attempting to predict the long-term
yield of wells if the source of recharge was mistakenly ideal ifird as
am infiltrating stream, whereas the actual sonrae was vertical leakage
through a combing bad of low permeability. Under fre mistakenly
iihmtlflnfl condition, the growth of the cone of depression, ideally,
would be naked by the infiltrating stream and recharge would be main-
tained at a refatrfsiy constant rate as long as flow oocared in the
stream. Under the actaal condition, recharge would be from storage

perhaps it might be in periods of drought, the recharge to the under-
lying sQnin?r •)?** would diminish, perhaps in critical amounts.

The problem of interpretation is compounded when recharge to a
JNUQpOd WtHl lal y"T** 4p*ivllj xllflU wfcteBT tttaU aWyWaS UVUi tlW VppQeT ^0

the Joww aejuifer through openings in the tiD-rieh aone. Under
Ot CA9 OOBfcC Ot îBQeVB^BOift IB uauaiD0Q> Vflf

a change a the equiler from arteaiu to water-tabk oimditiuiia, and
the efeeti on drawdona ape similar to those •••mil by recharge from
an infikruing Kraut or by vertical leakage tfcrovgh a poorly per-
•leahlabad. Aa opening m the tUl-fiehaoete can be loeatcd by image-
weD wiethodi if enough obterration-weil data an aTaiUble, tat the
rate of recharge through, the opening cannot be erahnted by ordinary

Further oompfieatkea arue where aereral openings oocar in the
tiTJ-ndi jane aa, for example, in an area where the tOl is in the form
of dosetr tyaini *̂**in or maasea. Uader thaae conditioBjv it may be
a practical Beeeeaity to consider that recharge originated aa leakage

a ooomnng had haTicg a ralatrrclT ^gh i«»k«jp coaCcientt
the amovsn of data n^euiul to defim the hydnaUiB syeteaa

pkteiy woaDd be so great as to teudei ntttifcaly its ooDectMn
tha field. Uajfoctonatciy, a kakaga ooofiuent appnadsaatad in

way can be applied only whit caution, sad oajy wifli respect to
tha pasnped wdL. ItwoaldhaTeadlfsreDtT^aeforabBjoataByodier
well in die ana. wboee Itmatin/ differed with raspaot to the indmduaJ
opanmgc in the tflt-rieh. aoaw.

; data areoaefal in determining mitalpamp-
mf rat% wefl eaUemcy, tmd short-term drawdown in a pumped w«H,
•eldoaj do they eoaethsjte an adeqoate basis for predicting the yield
of huge groand-water systema. The peminiti yield of an aquifer is
determined net so orach by its hydraulic properties M by the average
asjnsjal reeLarga, just ay for a sarfaee-water reeerToir.

Several of the better controlled and instrumented Jam^jiiwtg teats
made in tha Dayton area are die bans for the computed values of the
pimtipal hydraaVc properties—the coemaents of traasmissibtlity end
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permeability and the leakage factor— need in this report. These
pumping tests are briefly described below, and the computed Tallies of
the hydraulic properties are listed in table 2. The anaJyuenl proce-
dures. are nut described, and the water-level data are omitted, A
pumping test made in 1953 by the U.S. Geological Surrey at the Bay-
ton municipal well field at Rohrers Island has been more exhaustively
treated and is the subject of another publication (Xorris, 1959) . The
interpretive procedures described in that report are generally similar
to those used in analysis of the other tests in the Dayton area. The
hydrologic coefficient given in the description of the pumping tests are
the authors' unless otherwise stated.

The permeability of tho lower sand and gravel aquifer is uniformly
high in the Dayton area, except locally in the downtown district,
where aereral large valley glaciers coalesced. As a consequence, the
tin-rich zone is unumally thick, and the sand and gravel deposits
contain relatively large quantities of fine sand and silt, which reduce
their permeability.

TAILB 1»—By&rotofie cotftintt obtain** from p*mfi*f tea* of iMRt to tower
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•1,000
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AT:

A test conducted in 1958 by the U.S. Geological Survey at the
Rohrera Island well field of the oky of Dayton was described by Norris
(1959). The test wait made in wells drilled in the lower aquifer, which
is about 50 feet thick and is separated from the upper aquifer by 11-50
feet of till At the test site the coefficient of permeability of the sand
and growl is 2,500 gpd per sq ft, and the coefficient of transmissibility
of the lower aquifer is 125,000 gpd per ft. The permeability of the
till confining bed ranges from 0.03 to 0.13 gpd per sq ft, on the basis
of data from five observation wells, and the leakage coefficient of the
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confining bed raagojfrosi 0.001 to 0.01 dgpd per en ft. A median value
of tfttt leakage ooofteieax, QjOOS gpd per en ft, was eelectedea generally
npieaentatne of the well field. This value wu checked, by raUtinp it
to the quantity of warcr subsequently pumped at the veil field, the
observed dra» dime, in veils, and the anal extent of the cone of depree-
•UBI aa ••*;«»«*H from the geologic data. Good agnesaent was ob-
tained batmm the observed facts and the theoretical calralauons
which wen baaed OB. the selected valae of the leakage tarfk.kmt. Al-
though thia vatae probably cannot be applied elsewhere ia the Dayton.

the range of petaMabflhj of the uU may be veefal in nakag
mfanatiaoa of wefl rield where Ute tiB is eztauoTe and ita thirfr-

liekaown.

Buhaefri and Walton, eonaahing hydrologiata, aHuie a paaniln^ test
m April 19S6 at the Mt>»i Hirer well field, in whkk well T-2

about 4 <kji at a rate of 1500 gpaa. The pmaipul well
I in twe plaoes, ac deptha of 18-78 feet and 88-108 fleet* and •

open both above and bdow an 8-foot-tKick till deposit, which evidently
oonetitvtee the kydiulieariy awet- effeotiw part of the tiU-rieh.:
•ttBoteataite.

Dmrmg the teat the |ia»i|iiui well received recharge ahnoct
diatalj fnam the upper afoifer. Sehaefer and Wakon noted in their
report to water-depeiiauait oCeials (written eonmaam, 1156) thai
the water level in an nbaniaiiuu well 19 fleet deep located 80 feet fnam
the pumped weH "neponded to the withdrawal of water 15 seconds
after the pump wee turned on or of .** Acoordiay to SchaeJar and.
Wako*, Nrarer ra the aballow aquifer was elao confined •ader afight
arteaiaa ptmare becaa«> the water table wae above the heae of the
MaiionnRnimf alhiTial materials." This would account for the vrry
imped raapoaee to paaniing eeTeots in the upper aquifer

flLhefifni and Weltoa determinrd the coeficient of penacabilitj of
the aeod aad gravri depoatti at the teat aite to be approximately
gpdperaqft. They stated (written eonuamn^ 1956) :

In Fcbraary 1991 the H.S. Gwlopcftl Surrey made teats in two 12-
•eh walk jrmaid in the lower aquifer al the Frigidaire Diviaion
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plant No. 1 in downtown Dayton. The till-ricii aone, 80-00 feet thick,
is thicker at the test site than at most other places in the Davion area
(pi. 3), and the upper and lower aquifers are correspondingly thin,
each about 40 feet thick.

During the test, well 3S, which is 181 feet deep and screened in the
lower 20 fort, was pumped at a rale of approximately WO gpm for 8
hours. Drawdown and recovery measurements were made in well &T,
which is 19A feet deep and 130 feet distant from the pumped well.

Well-interference effects, caused by operation of wells at other down-
town budincas places, were noted during the test, and only water-level
data obtained during the first. 2 hours of the drawdown and recovery
|>criods were U8ed in the test analysis. The computed coefficient of
irunsRiissibilicy was approximately 40,000 gpd per It. and the coeffi-
cient of permeability was about 1,000 gpd per sq ft, less than half the
value computed for the lower aquifer at Rohrers Island. The leak-
age coefficient could not- be determined from the Frigidaire site test
data, aa recharge did not become effective during the first 2 hours
of pumping.

The 1,000 gpd per sq ft coefficient of permeability calculated from
the test of the Frigidaire Division wells may be lower than the true
permeability of the lower aquifer at thia site. A discrepancy may
have resulted from distortion of the field data by noncontrolled pump-
ing in nearby wells. However, the calculated vttlue, wliich is baaed
on data from the observation well, checks closely with that based on
the, actual drawdown observed in the pumped well during the test
The drillers2 logs of wells 37 and 38 report "dirty gravel" at several
places in the stratigraphic sequence. This may indicate that the
uquifer material is not well sorted at this site niid that it contain* a
high proportion of silt nnd clay, wliich would reduce its permeability.
The computed permeability coefficient. 1,000 gpd per sq ff. probably is
not representative, of the permeability coefficient in the downtown area.

rrrenro ram a DATTOJJ MWXB * UOHT co., FKAITK x. tat nAXiov

In April 1956 a pumping lest was made at the Ta.it Station, of the
Dayton Power & Light Co. by a board of consultants, assisted by Mr.
Robert E. Reemelin of the Miami Conservancy District. Well 524.
which is 155 feet deep and screened in the lower 50 feet, was pumped
for about 6 hours at a rate of 3,050 gpm. The pumped well is 195
feet from the Miami River, on the east bank of the stream. Draw-
down and recovery measurements were made in wella 381 nnd MO,
respectively, 695 and 790 feet southeast of the pumped well, in * direc-
tion away from the river.

The specific capacity of the pumped well was approximately 110
gpm per ft, which suggests a coefficient of transmisibility in the range
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of tttyOOQ-tfOXXX) gpd per ft and indicates a coaficient of permeability
for the lower aqerferof aboutSjOOO gpd peraq ft.

The test data are partly anomalous, probably beesnse of the nv
of the aquifer and possibly because of interference of

wells: therefore, they ara not amenable to the rigorou •oVida
of snalysis based on oommonly used equations of ground-water flow.
Beeharge effect* wore acted in the observation wells aboat 10 •«»••**«
after pawiptng started, bat wherbar this recharge origiBSted at the
IGami Biver or resulted fraaa vertical leakafe throos^ the tiB-rich
Sfloft oonld Bat be detBraned. Kerhmr^v from buUk auviLes probably

lerehdoxiBf the test.

Two pampsag tesos were mad* at the Laauae Boad wdl field in
ItBO, when development, of the field was begun. IB April the Balph
L. TToolpert Ca pakped w«il M-4, which is 1« fest deep aad smened
m the lower 28 feet for Mhoers»t the r*l« of 1̂ )00 gpea. Drawdown
•MeenraneMte ware aMrln in welb M-l and M-8, nepeotiTcfy SS8 and
S50 feet fpoam the pumped w«H Data from the teat were fnnnkhed
to tfce aatKors bj Mr. Jokn EaeMinmn of the Woolpen Co.

IB Jane 1MO, the U .̂ Geol(«ieal Sorrvj pmBped w«U M-3, which
• 187 feat deep sad screeaed in the low%r 30 feet, ior M hoon at-the
ntoof 1/XM> gpeo. Dnwdown measurement* wen saade in weH M-4,
which is S78 feet dktaat from the pvnped w«IL

Peaulta of the |nsn|iln§ ie*t» iadtcate * rahtiTcly hi^h eoeafcaent of
ttajHsakairility for the lower wvaifer and a ooHirimt of pemeabilitj
of 84KK>-fî 500 gpd par aq ft. StabUijaHoB of water beds occurred
WKT rapidly duriag each of the testa, UK) there was almost no farther
drawdown IB the weDs after ahoat S aainotrs of pweymg Distortion
of the flow field, caused by a day leas that lies just shore die depth at
which BMSt weQi are scjeened. prechided more rigoroBf aBajyais of

The effect of this day lens in raardiojr the vertical ssureBiant, of
water k showa by the result* of redeveloping weD M-6 and install ing
a loBger smeB in ft. Whm plsoed n snrvice this weD was screened
between depths of 127 and 157 feet, immediately below the day leas,
aad it had a speoific capacity of abovt. 40 gpm per ft. The specific
capacity declined in. aboat IVfe yean tn 18 gpra per ft. The well was
ndsvcfeped aad an. additksuil 15 feat, of arreen was insialled between
depths of 76 aadtUeet. imaediatety abore the cfaw has. After this
was done, the specific capacity of the well was HI gpm per ft, nearly
three tbnes the original capacity.
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tm AT p^*"«" aoiB WILL HELD or xwi MOBXMKEKT cainrrr

In April 1955, the U.S; Geological Survey made a pumping test of
well M-10. which was pumped at the rate of 380 gpm for about 24
boon. Drawdown and recovery of the ivaler level were measured
in veil M-1S, which ts 273 feet from the pumped well. "Results of the
tests indicate a coefficient of transmiasibility for the lower aquifer of
ubom. 240,000 gpd per ft and a coefficient of permeability of itbout L,WK>
gpd per ft. The aquifer is highly artesian. and recharge fifed* were
noted in the observation -well approximately 1 minute after pumping
started in -well M-10.

HYDROLOGY OF THE VALXrKY-riLLr DEPOSITS

Qftoum> WATXR nr BTOBAOK

The availability of ground water in the Dayton area depends in
part upon the quantity of water in storage in the valley-fill deposits,
even though, this quantity cannot be entirely withdrawn through wells.
The sand and gravel filled valleys, a major element of Dayton's phys-
ical geography, constitute a large natural reservoir which matches
in capacity some of the world's largest manmade lakes. The total
area underlain by sand and gravel in the Miami Valley between Holes
Creek, sooth of the city, and Needmore Road, near the north boundary,
together with the segment of the Mad River valley extending from its
mouth to Huffman Dam, and including smaller areas near the mouths
of the Stillwater Hirer and Wolf Creek, is approximately 40 square
miles. From this area is punipwt nil but a tiny fraction of the ground
water used for industrial and municipal purposes at Dayton.

If the sand and gravel deposit? in this area of 40 square miles aver-
age 200 feet in thickness, their total volume is about- 1% cubic miles, or
about 15 times the volume of material excavated during construction
of the Panama Canal. If the Mind and gravel is uniformly saturated
below the depth of, say, 30 feet and if the porosity of these deposits
average* SO percent, the total quantity of water in storage in the area
under consideration is about 425 billion gdlons. This enormous quan-
tity of water, if it could all be extracted from the ground, would.
supply Dayton's water requirements for 10 years at present pumping
rates. In the table that follows, the storage capacity of the valley-rill
deposits can be compared with that of several manniade aiirf ace res-
ervoirs.
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The natunl radrrgrond storage tt Dayton is comparable to thai
provided by vary lux* artificial reservoirs coating maBT millions of
dollars. According to estimates nude by a board of ooasnkants. the
coat of BonstTBcting proposed ie«T>-oin«tCoTin|{toB.«iidI>eGnJ«Bd

OB. Beaver and Elk Creeks would avenge $135 per acre-foot of capac-
ity. O» tKH bam, a surface-water na«Toii hiring the storage
ccpacnMr of the waHey-CU depot'rtc in the Dayton area would cost about
SITS million to eonetroet.

To OMTT •von comnamuei further, the >n<lmniuiMi reBcrvoir at» r i & -

Deton wquiwe ao naiettenaooB, it is not readily •object to silting
or collation, ead it vields water of good chemical amd bacteri-
ological quality mad of goaenlTy loir sad uniforms temperature.
Moreover, the ralwbfe land anderltin by this natural rasenoir is
Bat taken oat of use, as it would be if it add a surface neerroir, nor
doe* tha water have to be piped to mott pointf where it is used, as it
trae of surface-water npplA.

The me at winch water ran be withdrawn front tha TaDej-traia
aquifen, as noropuied from Damping testa and as demonstrated by the
high yields of walk, oeeeda Dayton's presently foreseeable seed for

However, tha amount that can be withdrawal am a perennial
is not determined so men by the hydraafir properties of the

aqsiierasbythei

Recharge to tha raUey-fiH deposits has its origin nriaapaDy • that
ponton of tha preeipitadon which rana off or seeps into the streams
above DaytoB and eaten the tquifen in the Dayton ana by mfiltra-
tiom thnmgh stnambeds. The water enters the ground where the
water table m the deposits uoderlyiBg' the ftrmm has been suflaenthr
In • nrril Ttj nrnapSM: tn irmran ft - nifiiml -Inpr This is the process,
called induced mflkratioPr by whk-h all large giowad-water derelop-
mente n the Daytom area are chiefly replenished. In a aaase, the
raflev-nll depoatta function as rast. natural filter beds into which
water hi drawn from the streams and purified before use.

A minor awMMmt of recharge to the aquifers in the Dayton ana ia
derived from preapsntixm which falls on the valley-fill deposits and
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infiltrates directly to the -water table in the vicinity of pumped wells.
Hie inflow of ground water from the uplands is * major factor locally,
especially where the uplands consist of thick permeable deposits. The
conditions are present sooth of Dayton in au arm. of 5 square miles
on the east- side of the Miami Hirer vally between Southern Hills and
the vicinity of Holes Creek, where kame deposits of aand and gravel
form high, hills and ragged terrain and there is no well-developed
surface drainage. Much of the precipitation in this area enters the
ground and flows into the valley-fill deposits ne ground water, some
of which may briefly emerge as springs before Tcentermg the ground
further down (he valley dope.

Ground-water runoff intercepted by pumping welb may be highly
valuable to individual witter users whose wells are comparatively far
from infiltrating stream*, near the sides of the valleys. For example,
the Montgomery County Sanitary Department wells at Lamme Road
receive some recharge from the sand and gravel deposits on the adja-
cent upland. Similarly, wells at the Focfcit Packing Co., plant on the
south side of the Mad River valley near Eastwood Park are replenished
in part by ground water moving toward the Mad 'River from the
sand and gravel deposits on the hill behind the plant-

Recharge to the ground-water reservoirs varies seasonally and, in
the Dayton area, occurs principally between late fall and early spring,
Beginning in late October or early November and continuing through
the winter and spring until the following April or May, ground-water
levels generally rise. During the rest of the year they usually decline;
however, rising trends as well as long-term declines in ground-witter
levels are often interrupted and temporarily reversed by droughts or
floods, or by changes in pumping practices.

The hydrographs of wells Mt-2, Mt-3. and Mt-6 (pi. S) show the
fluctuations of ground-water levels, based on plottmgs of the lowest-
weekly water levels recorded in the wells. Wells Mt-2 and Mt-ti am
in downtown Dayton, at the Fourth Street Station of the Dayton
Power & Light Co. and in rho basement of the Municipal "Building
at Second and Ludlow Streetu. respectively. Well Mt-3 is south
of downtown Dayton at tho intersection of Stewart Street and Pat-
tenon Boulevard, opposite the National Cash Begister Co. plant. The
numlier of tunes that peak witter levels occurred and Umt annual re-
charge began in specific months are shown for most, of the period of
record in the table that follows.

TTT-OIB o—« u
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Apr 'Oct.

_ I

4 T 1

"i T"~ 5"
T ~ l f r

total amount of recharge derived from local ptecipiiataan,
mcJoding that part directly received by the TaDey-JDl fanmtot. as
well at thai put enberiajc tka aquifers a* ground-water flow from the
adjacent npVMff, amoaats to about one -fourth, of Dayton's present

Party on the baoia of ealcalatiaau made by WaHon and
Sovdder (lMQ,p.SS) mtW Furtem area, i
ol fhe pneipitatian received an the valley floor is eatinated to
Inte to (lie vaier tahlti in vets oatsid* tfae city. ITii*
ihrmt 1? fnrfcia ptr jrar, tar irnrnrrinnTulT 1 1 maTl Localhr,

to

fraam drraet prectpintinai probably driers freatiy fnm the estinated
aanal nte, bat data from which them ratw eu be caknhted axe not
mikbh,

Inflov of wster to the vmlfcy-fiTl deposits fm the adjacent np-
landn, mdadtnc both am lam ninoff that iafiltntes to the voter table
after k ratchet &a v*llay loots and ground-water iaAw, jgeatnaatrd
to awift mboflt 10 mfd m the prinnipal anas of pmmpage. Tkia
rate, too, la subject to aiath local variattan. lottle surface- raaoff
can reacai tfe TaDey-fffl depowte in pavwl areaa of the catr, and litde
•abaarfiMa AW occvre from the upland areas on both the east aad weft
«kk* of Daytoa, which an paaeraliy underlain by refavtrrely
avaok Onkukian abala cohered by • thin blinki* of fladal t3L In
thow anac groomd-water inflow may •mount to no rrare tina about
(XI mgd per mile of valley wall, about the same as the rate detonained
by Walton and Seadder (1M»T p. 34) ia the Faiibom ana. How-
erer, (round-water inflow from the- uad and
poa* the wpbad on the east side of the Miaati River TallcT between
Daytoaand Qoka Creek is estimated at more than 1 mgd per ante of
raOay wall, or a total average inflow in that ana of aboat S iagd.

Alii«n« jfK nehaiye from local preeipitatian accounts for the n-
. of approxhaalalT oae-fonrth of die ground water pres-

ently |iaan|ii ti ia the Daytoa area, it cannot be increased •ppneaibl;.
rccaarge from (he induced infiltration of stieamflow. which
most of DaytflB.'s pnatpage, win incraaa» M groand-water
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development grows. Moreover, there are ways to increase the rate
of stream infiltration, artificially. For example, at the municipal well
field At Rohrers Island infiltration takes place through the beds of
artificial channels and lagoons, which are dredged periodically to
maintain a rate of infiltration much higher than that which occurs
nainraEy in the Dayton a rea.

GKJLRACT&BrICTIC8 OF BTRZAJOTOW

The most important hydrologic factor at Dayton, relative to water
supply, is the regimen of flow in the Miami Hirer and its principal
tributaries. Significant flow characteristics of streams in the Dayton
area were discussed by Cross and Hedges (1952, p. 139, 141, 144, 14ft,
and 146) and are listed in table 3.

The flow that is equaled or exceeded 90 percent of the tine is near
the minimum flow recorded in most Ohio streams and is generally
considered to come primarily from the discharge of ground water.
The amount of ground-water discharge depends largely upon the
natural storage properties of the formations within a drainage basin.
Cross (in K orris and others, 1948, p. 64) stated:

A. Tiy«r flouTTut from * baeln of tare. Impermeable rock woold experience a
flood foUowtBR ever? tnbttantUl rate, and would cany little or no flow a lew
boon later. Author Tirer with Uic came mean flow, but flowing over an area
at tfelck, permeable candj and gravel*, might hare tan a ulig&t increaie In
flour after a rain, end blfh nitttalned flown between rains. Natural lakes and
artificial rewrfoirs would haTc th« MUie effect, but in the Miami Bfrrer bailu
the Mange to tor the most part In Cat glacial deposit*, and It ground-water

For comparative purposes the flows equaled or exceeded 00 percent
of the time are related to the areas of the respective drainage basina,
and this ratio, usually expressed in cubic feet per second per square
mile, is termed the dry -weather-flow index. The Mad River's dry-
wea£her-ffow index, 0593 cfs per sq mi, is the highest in Ohio; it re-
flects the large amount, of natural storage in the aand and gravel
deposits in the drainage basin.

The mean flow of the Miami Kiver at Dayton. 1,122 mgd, represents
about K times as much water as is now being pumped in the area, and
the flow equaled or exceeded 90 percent of the time 191 mgd, is more
than 1% times the present water use. However, neither of these
figures is very meaningful as they reveal little about other significant
characteristics of streamflow, especially the discharge- available in ex-
tended periods of drought. Data on drought frequency or dry- wenther
flow are commonly used in surface-water studies to compute the size of
proposed storage reservoirs so that a minimum flow of some selected
magnitude will be obtained or, conversely, to calculate the yield
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Available from a surface reservoir of given stzft. Snch data may also
be helpful in estimating the upper limit of magnitude of ground-water
supplies hi which stream infiltnwion ia the principal means of re-
plenishment. On. the basis that thure is no limit to the rate at which
water from the stream can enter or bo withdrawn from the ground-
water reservoir, the theoretical yield from unit storage, graphs (de-
scribed by Cross and Webber, 1950, p. 4) can be estimated in a manner
analogous to estimation of the yield of a surface-water reservoir. Thus,
on the basis of the unit- storage graph prepared by Cross and Webber
(1850, fig. 129) for the Miami River at Hamilton (none was presented
for the Dayton station) a surface-water reservoir at. Dayton having the
same storage capacity (approximately 425 billion gal) as tlie valley-fir
deposits would provide a minimum flow, by regulation, of about 1,000
mgd, or about nine times the present water use. The ultimate yield of
the ground-water reservoir in the Dayton area, will be considerably
less than 1,000 mgd, as the water must, enter the reservoir principally
through streambeds and then move laterally toward points of with-
drawal. Entry tosses through the streambed and resistance to flow
within the aquifer are the principal factors that limit the rate of re-
charge ; the first is more critical than the second. The infiltration rate
is influenced by a number of variable factors and, therefore, is not
constant; moreover, it can be increased Artificially. Thus, within
limits imposed by the regimen of streamflow, the yield of the ground-
water reservoir at Dayton is largely determined by economic con-
siderations, such u the cost, of devising raid utilizing methods for
increasing the natural rate of recharge.

RBXAX IN1TO.TJLATKW

The critical factor in the development of ground-water supplies by
inducing infiltration from streams is the rate at which water will "leak*
through the streambed into the aquifer. The infiltration rate depends
chiefly upon the permeability of the atreambed, the permeability and
thickness of the underlying aquifer, and the steepness of the hydraulic
gradient between the source stream and wells tapping the aquifer. It
also depends upon the depth of water in the stream and the tempera-
ture of the infiltrating water.

The permeability of the streambed is usually lees than that of the
underlying aquifer, and for infiltration to occur the water in the stream
murt be at a higher level than the water table immediately adjacent
to the stream. This difference in head is a measure of the force re-
quired to move water through the interface between the channel and
the body of sand and gravel in which the channel is cut. The relation-
ship between the infiltration rate and the head difference is approxi-
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bed. Whom the water table drops below the atreambed
to fill, a cMmpuudiag increase in the rate of infihratxai to the
•qufor wfll a** be produced. Unhl this condition is reached, how-

r. ihn heart inilihlf in thfi slmem rhinml is a major factor affecting
ipg rates,

a major factor in the yield of infiltration aoppliea (water's
ana iteMtaiMe to now are aavaraary rained to tanperatine)»

*n»a low rasa to a veil, for a given drawdown, ie decreased aboot 1-5
percent lor each degree the water temperature ia lowered. Theoreti-
cally, thi> earn amount to ae mock as a 80 percent change in flow rate

or
i the ground ha teaMperaiare qvkkhr approaches a i

and the practical efacta of aeaaooal teaipentme variations osoa% are

TW poteatf iil yield of weMa drmwag lepjaniahment from a. stream
woold he eaey to efeleate if the rate of infihratkn. thraofth the •tream-
•ad eoald be leiililj eaeartainad. Unforcanately, infikxataon rates,
eapeetaUy for hug* atraaau, are dificnlt to determine, whether by

> of groand-water data or by direct aMaauvenani of aupa|Et
; n the atreaav Rnnhaiajh (1W1, p. 170) elated:

of nfee perntai for huav
• w«B MOT • tats*

data are available from obaerratkai w«lb m the
vieinitf of a diadwrgitif weH or groap of wells and an adjacent infil-
trataoa atnanv, coatoan drawn cm the water table wffl define the sire
and extent of the cone o< depraaBon and *how the ana of the stream
channel m which iafifcration ia ocearrmir. Whan Ae aystaaa is in
eqwlibrha* and the pomphxg rate ia known, the arerepe mfiMraxion
rate caa he detetuiiaed for the area of the stream ehaanel between the
Trmitiaaj nr an ralhid nrartral oontoara, which represent the boandaries
of the ana in which infiltration ia oooarriaff. Tttc aaathnd k useful

Death the infiltrating stream is reasonably hoato-
laadtheahapeof the cone of depreanoa ia not distorted. Dw-
of the coaje reraitB fraoi diffocneea in penneabflity ia the

the efiaeta of aemioafinning beds throagh which the
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water moat pass in traveling from the stream to the wells. The com-
plex hydrologk conditions in the Dayton area, particularly effects of
the till-rich zone beneath which, moat wells are screened, together with
widespread well-interference effects caused by uncontrolled pumping,
generally rule out application of methods baaed on the area! extent
of cones of depression.

The most practical method for determining infiltration rates in the
Dayton area. is by direct- measurement of seepage losses in the at .reams.
However, because of the minimnm error of 2-15 percent considered
present In. ill stream-discharge measurements, this method is reason-
ably accurate only when flows are relatively low and th* seepage losses
are a significant part of the total flow. The accuracy of the method
depends also upon the adequacy of data relative to diversions between
measurement points, «uch as the amount of inflow from storm sewen
or tributaries.

The flow in the principal streams at Dayton usually is too high to
permit accurate determination of seepage losses by direct measurement.
This can be done only when the streams are near their minimum flows;
that is, at discharges which are equaled or exceeded about 90 percent
of the time. Infiltration rates determined under low-flow conditions
many be very different from those which occur when the streams are
at moderate to high stages, and this fact must be kept in mind when
evaluating the results.

It is generally believed that under natural conditions the rate of
infiltration through a streambed is greatest during or immediately
after floods, when the silt and other fine-grained a^iir'*T>*'1 including
organic matter, that have accumulated in slack water periods are
being removed by channel scour. With reference to Dayton, a board
of consultants (Abel Wobtnan and others, written commun., 1957)
stated: The relatively impermeable river bottom seal or crust that
occurs in places in the Miami River greatly retards the vertical seepage
of water." The consultants also commented on the indurated char-
acter of this "crust," the existence of which, they pointed out, is well
known to construction engineers familiar with the river.

A striking illustration of the low permeability of the stream channel
in periods of low and moderate flows is a photograph (fig. 14) which
shows a difference of several feet between the level of the water in the
Miami Biver and the water table in the Miami Shores area south of
Dayton. If the stream channel wen more permeable in this area the
water table would eventually rise to about the level of the water in
the stream.
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..'I. II
The condition, of the streambed depends largely upon the character-

istics of flow in the stream, including velocity, sediment, load, and
erosion or dapodtion of material in the channel. A stream may scour
its channel during rising stages, when the Telocity of now is increasing,
and redeposit material during falling* stages, when the velocity of
flow is decreasing. Moreover, there may be considerable differences
in velocity across a stream, and the stream may he eroding one part
of its channel and building up another part Consequently, stream-
bed conditions vary widely from time to time and from place to place.
Artificial channel controls such as retaining walls or levees that restrict
the flow to a comparatively narrow part of the channel may increase
the velocities sufficiently to prevent, deposition in a. particular reach,
while low-bead dams, commonly constructed in die ranjor streams to
provide for water-supply intakes or to beep the channels flooded for
scenic or recreational purposes, increase the saltation of the channels.

Floods are major, nill largely unevaluated factors in aquifer replen-
ishment at Dayton. During flood stages in which the streams over-
flow their banks, water may cover laud planted to various kinds of
crops, including grass or trees, in various stages of tillage and having
a wide range of permeability. Duration of floodflows and the ante-
rodent condition of the ground are also factors determining the quan-
tity of water entering the aquifer. Comparison of the hydrographs of
observation wells Mt-2. Mt-3, and 5ft>-8 and graphs of the mean daily
discharge in the Miami River (fig. 15) shows that in June 1958 mean
daily flows up to 36,000 eft lasting for several days raised ground-
water levels more than did the well-publicized flood of January 1959.
which produced a peak mean daily discharge of nearly 60,000 cf s. Not
only were the high discharges of June 1958 of longer duration than
those of January 19.W, but also, and perhaps more significantly, the
1059 flood occurred when the ground adjacent to the stream channels
was largely frozen. The duration of the floodflows and the condition
of the ground at the time of the floods controlled the amount of water
that infiltrated to the ground-water reservoirs. Still another factor
in determining infiltration rates, though in this area probably a minor
one, is the amount of soil moisture and the rate at which it is lost by
ev-apotranepiration during flooding.

Stream infiltration rates -under natural conditions generally are
considerably below rates that have been achieved artificially in some
areas by dredging or harrowing of the stream channels, or determined
experimentally by allowing water to infiltrate through the bottoms
of specially prepared recharge pita. This has led to adoption of arti-
ficial recharging methods, such as those used by the Dayton Water
Department at Rohrers Island, and to consideration of the feasibility
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of applying such methods generally in the Dayton area. The para-
graphs that follow review some of the findings on natural recharge
rates In otter areas and tJie results of dredging experiments and low-
Sow studies at Dayton.

. According to Borabaugh (1951, p. 170), infiltration rates through
the riverbed in a 2-mile reach of the Ohio River near Charleston, Ind,
have averaged 0.15 mgd per acre during periods of intensive pumping.
Walton and Seudder (I960, p. 38-36) reported that pumping from
wells at the Wright-Patterson Air Force Base has induced infiltration
through the bed of Hobble Creek at rates ranging from 0.17 to 0.38
mgd per acre, and through the bed of Mud Bun at the rate of 0.34 mgd
per acre. These rates are baaed on discharge measurements made in
the summer of 1955 during periods of low streamflow. The rate of
infiltration is greater, Walton and Seudder stated, -when the flows in
the streams are high.

Dove (1963, p. 64) stated that near Hamilton, where as much as 17
mgd is pumped from two large-diameter collector-type wells, the in-
filtration rate on August 31, 1956, averaged 0.24 mgd per acre in the
vicinity of the wells. A farther study made by Dove m the summer
of 1956 showed the infiltration rate in the same area to range from 0.1.3
to 0.14 mgd per acre for each foot of head difference between the surface
of the river and the subjacent water table.

miLTBATXOV BATES AT DAYTOH

KOHRXRS EKU3TD WHili KBU>

The greater part of the Dayton municipal water supply comes from
wells on and near Rohrere Island (pi. 4) . These wells, most of which
are screened in the upper sand and gravel aquifer (Norris and others,
1948, p. 58 ; Norris, 1959), yield an average of about 40 mgd ; the peak
pumpage has been as high as 90 mgd. The supply is maintained by
artificially recharging the iiquif er, in what is probably the outstanding
example of proper ground-water management in this part of the
rnfted States.

Infiltration ditches and lagoons covering a 20-acre area, about one-
tenth of the island, have been dredged and are flooded periodically,
when the turbidity of the river is low, to recharge the underlying
aquifer (figs. 8, 16). Flooding is accomplished (Xorris and others.
1948, p. S3) by diverting water from the south channel of the Mad
River through a large intake pipe near the head of the island. Flow
through this diversion is maintained by a dam in the north (main)
channel of the Mad River near the head of the island and by A dam in
the south channel about one-third of a mile below the intake pipe (fig.
17). The purpose of these dams is to raise the water sufficiently to
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•to the infiltration anas. The kgoonc and ditches axe
dredged each year to ranove the bottcea material and thna ataiataJB a,
hjgh xate of iafltntioB through the bottoms of the ponds.

Aceonfinc to Mr. Charies Stoat, well-field aupenriaor, the intake ia
doaad cadi Jaaaauy and dndfiof H befm* m Febnarj. The mock
and ailt amiaaiiilitiiai ia dag o«t with a bade hoe dowm to the clean
•end end fravel (fif> 18), and by about May 1 the ponded areas axe
rcflooded. Mr. Stoat autad that after the intake is efeaed, tiw ponds
takeabomtaweektodry up. Whil* the ponds are dry, water terete in
the aqoiier decline to 30-40 feet below the land svface. During the
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Yvxan. IT.—Intake structure near hart of Roferer* Inland,
tin* jitotannpb wu made.

Gate WM cloted at

rest of the year, when the ponds are foil. grocnd-watar levels are
10-20 feet below the surface. Methods of maintaining and operating
the recharge ponds have changed over the yean as various experiments
have been made., and they have evolved into the present system, the
effectivenees of wikii ia demonstrated by the stability of the rater
supply over the past several years.

The area subject, to infiltration in the vicinity of Robrere Island
includes not only the 20 acres of poods on the island, but also tiro ponds
of about 7 acres each lying adjacent to Bohrers Island on the south
bank of the Mad River, as well as the areas covered by the north and
south channel* of the river (fig. 1G). The main channel of the Mad
Biver, where it forms the north boundary of Bohrers Island, covers an
area of about 15 acres at low jutd moderate stream Htages, and the
secondary channel of the Mad River, which forms the south boundary
of the island, occupies an nrea of about 7 acres. Thus, the total area
cm and adjacent to Bohrers Island through which infiltration can
occur is about 56 acres.
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Although a large are* is subject to infiltration, most recharge to the
underlying aquifer, at least during periods of lot? streamflow, takes
place in the 20 acres that is artificially ponded and periodically
dredged. Little dredging has been done in the remainder of the area,
and relatively little infiltration is believed to occur there.

The U.S. Geological Survey mode discharge measurements on and
near Kohrers Island on August 2 and October 10,1914, to determine
the lone of the flow from the Mad River and ttte loss in ponded areas
on the island. The measurement* of August 2, 1944, were made at
a time when the flow at the Huffman Dam-Mad River gage was ap-
proximately 166 cfa, which is eqfualed or exceeded about 95 percent,
of the time. A total of nine measurements were made by current
meter at points in each channel of the Mad River and in the dredged
areas on. Rohrera Island. The total measured loss in streamflow be-
tween the upper and lower ends of Renters Island wa» approximately
30 mgd, of which about 21 mgd was lost in IS acres of ponded area.
Neglecting evaporation lossee, this represents an infiltration rate of
1.6 mgd per acre. The total loss in streamflow of approximately 80
mgd was about. SS percent- of the water pumped that day from the
wells on Bohrera Island.

The discharge measurements made by the UJ3. Geological Survey
on October 10,1944, in the vicinity of Eohrers Island are inconclusive,
owing to a possibly erroneous measurement made in the Mad River
below Roarers Island. Other measurements on that day indicate a
loss in the ponded areas of about 36 mgd, or an infiltration rate of
about &5 mgd per acre. The flow at the Huffman Dam gage on
October 19,1944, was 152 cfs, or about 98 mgd. Thus, the loas m the
ponded areoe on that day amounted to more than one-third the total
flow in the Mad River.

Discharge measurements were again made in the vicinity of Rohrers
Island by the U.S. Geological Surrey on October 4,1960, as part of a
low-flow study baaed on measurements made at several points on the
Mad and Miami Rivera, lietween the Huffman Dam gage and the
mouth of Holes Creak. At the time the measurements were made the
discharge at the Huffman Dam gage was 182 cfe, about 16 cfs more
1 ban the discharge on August 2,1944.

The measured loss in flow in the vicinity of Roarers Island between
station A, the Huffman Dam gage, and station B. about 400 feet below
Harshman Road (pL 4), was SI mgd. Mr. Charles Stout estimated
that when the ILS. Geological Survey made its measurements in 1960,
about 90 mgd of water was entering the ponded areas on Roarers
Island, most of it flowing into six of the northernmost group of ponds
on the island, which have a total area of about 15 acres. According to
Mr. Stout, there was very little infiltration from the remainder of the
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poods en and DMT the iriand and from, the Mad Birer became of the
oiled condition of time other areas. (The dironion into the ponds
an Bohren Jehad reduces Telocity in the Mad Hirer and increases

in the reach of the rirer adjacent to the tdaad.) If it is
mnaBnutrrely estimated that 85 mgd w»a inBlrralinjf through the beds
of the six panda, the infiltration rate was ahrat- 1.7 mgd per acre,
which H nearly die auae aa the rate determined from the Angast 2,

Pnmpage at Bobron Island on October 4, 1990, was 38 mgd tram
the upper aquifer and 12 mgd from the lower aojeifer. Thr measured
baa in Sow of SI mfd between. stations A aad B represent* nearly 80
percent of the water pmaf>ed on that day.

On finihaJx i 7, 1M1, the US. Geolofical Survey made two di*.
ehaif* meaairanena on the ICad River, at the Huffman Dam gage and
near Ha mouth, aad two masmrementa on the Miuai Rmr, at the Main
Street gege and near the Broadway Bridge in the •oothem part of
Dayton. The discharge at the HofrnM Dun. ga^ was 285 e&aboat
10 permit givaler than the Sow on October 4, 1910. lib data were

on eleoa of drrenaaas between the mfarnirimg atatiom: hov-
r, the Had Bivtr neasmementa indicate a km of about 4S Mgd

TTnlTana Dam and the month of the stream. The graatar
part of this kac probably oocnirud ia the ponded arm* on Roarers
Hand.

On October 4, !•«, enffnesn of Ibe U.S. Geological Sorvey and the
Mlaami Cmaei lamj Dietriot awanirnd the disoharge at aeveral points
on the IGaau and Mad Riven to detenaine the aaeoent of water e»ter-

the

the «W of Miami Rnvr at Dayton waa only
SOS cfa, which normally ia rxrtrAtd 96 percent of the time, and the
flow at the fH^«» Item gage was 182 cfa. At such a, low atage,

in. die Miami River can ordinarily be made by men
I the atzeam.

ffix meaewreaMnts were made, and tbcae were aeppesiaBoted by dn-
ehu|B> flgvrea oompwied from gage reedmge at the Dayton gage and
the Mad River gage at Huffman Dan. OnemeasBraawntintheMianii
Sirer, aboot a auk above the mouth of Holes Creek, was made from
• boat and was considered too naccnwto to use ia\ the sudy. How-

waa made in the aama place, reached: by
', on October 86. when the etreun stage WKS the same as it bad
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been on October 4, The October £6 measurement is consistent with
those of October 4 and is used in thU analysis.

Conditions of stream stage and ground-water use were relatively
constant for several days prior to the time of the measurements and
remained ao for sereral day* thereafter. Light rains fell throughout
Ohio on October 1 and 2, when a total of 0.40 inch was recorded at
the Dayton Municipal Airport. This caused a rise of about €.1 foot at
the Dayton gage on the Miami Hirer, which crested af. midnight on
October 2. Recession was gradual, and the stage was nearly constant
by October 4.

To determine more accurately the gains or losses m discharge be-
tween successive measurement point*, inflow from the city storm aetrera
and the major industrial plants and the effluent from the savage treat-
ment plant wore recorded at or about the time the measurements were
made. Discharges from lha city storm sewers wen computed on Octo-
ber 5; however, in the cpinionof Mr. Elmer Goorh, Chief Engineer of
the Bureau of Sewers, they were virtually the same as the flows of die
previous day.

The points where the stream measurements were made are shown on
plate 4, and the discharge data and rates of infiltration between sw-
cMsive stations arc given in table 4. As expected, the greatest loas
in flow, 31 mgd, occurred in tlie vicinity of Hohrers Island between
stations A and B. Infiltration took place chiefly in the ponded areas
on the island, as has already been described.
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Discharge measarements at stations B and C (pL 4) show a loss in
now of about 5 mgd in the reach of the Mud River between Harshman
Rood and a point about 0.4 mile above Findlay Street. Ground-water
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wtfhdimwmb • this put of die valley, chiefly from municipal
C-T nd C-i, were mtimatod to be about 3.5 mgd OB October 4. Re-
ohaige to the* walk probably aceowued for part of the IOB in flow
IB. tine reach of the mar; some of the Ion may relate abo to the fifing
ofooaet of depression around wells C-17 and C-18, from which about
4 mgd was being pumped np to •, few hoon before the maaam»eBt&
were made. Much of the loai in this reach was dne ebo to pumping
from the lover aqvtfer farther dmrastraajo, but •nan stations C and
D. Infhreiion was firfljtrted by ateeem dredgaag them in. nnfrete
in the vicinity of weU C-17, aboai 2^00 feet below Hanhmam Boad.
The dndguaf had been gomj( OB intennittandj ill aoMaaer in this
Ktncral area aa pert of » program of levee construction and channel

On the basis of the total ana. of the atmeaJwd
Biank pointa B and C, the infibrmtion nte waa eompeiad to he aboot
OA Bifd per acre. Howvrer, infiltration wac probably Bot uniform
over the area, aad the ianltratioB nte in the dredged azeae no dombt
freadf exceeded the rate calnlated for this acpnemt of Ae> atteam.

IB the meh of Ae M»d Hirer betweea meaaaRmeBt pointa C and
D, froBia, point OJ Bute beiow Keatwood Park nearly to the coBJaenrr
with, the Mlaau KTV, these •»** little change in flow. PaaapiBg in
thb stem of the valley amounts to about *-4 mgd from the lower equi-
ferand to&ttfeoraaMfronthe npper aejoifer. *n»piecoBMKrir snr-
face of die lower aewJiK ta below river leval i» th» area (pta. 7, 8),
and aoaae verticel leekaga from the upper to the lower aquifer, and
eoBctejeeflit loai of ctxeaBiiiow by infUtntioB to the upper awallia,
would be expeeted. How«vtrt hydrologic conditwne hi tai* part of
the veOey are altered by the preaenct of a local confining bed of tOI

the nppar aquifer. The ehellov till
hyv fbraje a. local azteaiBB eqaifu which iMeiTea reehaxge from the
imftfMmmA put of the aylfii in the vicinity of Feet mud Park. A
part of this recharge reachea the lower aqmifer by downward, agekage

IB the short reach of the Miami River between atetkm D, near die
of the If ad River, and tUtioB £ at the atteam-gaging station

about l^KJO feet below the Main Street BridfR, mad iadadmg e. 2JOOO-
foat reach iiiUBMliiifl •patreun from die avoBth of the Mad River to
station K, then was a lees of about 7.7 mg& heead on tiie discharge

its of October*, IMP. The infikration rate in this a»» was

of the Mad Rirer betweeB stations B and C, below Rohm* UawL
The Joel in flow betmtB stations D and £ resalte. from pnmpage

of ebon 10 mgd in the cenrraj part of the city, whit* bta lowered the
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piezometric surf tee of the lower aquifer as much a& 20 feet below river
level

The October 4, I960, discharge measurements show a loss of about
10.5 mgd between stations E and F. in the 8.5-mile reach of the river
between i-he gaging station near t-he Main Street Bridge and a point
below the Broadway Bridge, near the wrath limits of Dayton. Pump-
age in tliis area is relatively heavy, currently averaging 26-30 mgd.
Aft plate 8 shows, the piexonwst.ric; surface- of the lower aquifer is 20-35
feet below river level. Ground-water levels along this reach of the
stream are the lowest in the Dayton area owing to a relatively low rate
of infiltration, which on October 4, I960, -was only 0.06 mgd per acre.
As a consequence of the low infiltration, rate, more water was being
removed from aquifer storage along this reach of the river on October
4, I960, than along the rest, of the channel.

The low infiltration rate between stations E and F is probably due
to a greater accumulation of gift there than elsewhere, caused by the
pooling of the river behind the low dam at the Tait Station of the
Dayton Power & Light Co. In 1956 a board of consultants (Abet
Wolmau and others) made tests neur Carillon Park, about 0.5 mile
above the Tait Station Dam, and found tluu. a& much as 1 fool of fine-
grained sediment generally covered the river bottom. At that time
the water table was 3-12 feet- below river level in the Carillon Park
area,

On the basis of pomping-test data and the hydraulic gradient, the
board of consultants estimated that on May 21,1956. the Miami Biver
was losing water in the test area near Carillon Park at the rate of
10 mgd per mile of channel. This estimate is much higher than that
based on the measured loss in flow on October 4,1960, of 10.5 mgd
between stations £ and F, which is equivalent to only 3 mgd per mile
of channel. The discharge at the Dayton gage on October 4.I960, was
205 cfs, and on May 21,1956, it was 985 cfa. The higher discharge on
May 21,1956, would probably have resulted in a higher infiltration rate
than occurred on October *, I960, However, the rate of 10 mgd per
mile of channel, estimated near Carillon Park, cannot be applied to
the entire BJJ-mile reach between stations £ and F, and no comparison
can be drawn between it nnd t-he infiltration rate determined on
October 4, I960.

Between stations F and H, in the 1-8-milo reach between a point
near the south boundary of Dayton and a point opposite the Miami
View Golf Course, south of the city sewage-treatment plant, there was
little change in flow on October 4,1960. Allowing for the diversion
into the Miami Biver of the effluent from the sewage plant, there was
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lorn in flow of only Q& mfd. a quantity too small to con-
of the margin of error inherent in the discharges

Then it very little pnmpag* in the reach between BTiuiaia F and
H; however. the oone of depression around (he Tait Station mil* to
the north tad that around the Frigidiiie Diraion wells to the aoath
merge in this ana, and the pieaometric surface of the lower aqaifer is
a fur feat below river level. Tie hydnalic gradiente are wary low,
however; tha fact, plea the fact that ground-water recharge ie received
iron the kame '**p»i*T that fie along the east edge of the valley, ae-

tor the email loe* in ecreunflow on October 4, 1*90.
In the reedi of tie Ifiaari Kirar between atmtitm H, near

Tirw GoU Onrea, aad etadoD 1,1 mOe north of HoJes Grade, the loas
in atnamflow waa eBtuBated to be about 13 aî d, on the baaisof the d»-

i of October 4 audit, IMa For the entire reach
BtatianK H and I, die rafihratwei nte waa ajboat OJ mgd per

Aboot ift mfA it cnrrentlr being {neaped im the ana. adjaoevt to
tUa neiplt of the atream, and the piecmaetrie ewfaee off the lower
eyi'fer gee* iafly» a few fcet below river lerdl Sotne water was beiag
p«»r*^ from itovage in tlie Maufer on October 4. IfOO, and anew of
thia wee beiog repbeed by flow fn» the kaa» deposits along the east
edge off the valley. Thee* permeable amnd and gravel <lr|MBUta, wnk-fc

netntal mieimii wkieh abaorfai modi precq>itauoa end
afewiy aa gfoohd-water diaeharge to the Miami River. (See geologic
•ectioa *-ff", pL I.) Wdb driDed in the valley between the river
A^«| I^A B, - J ••• • 1 ___ 1 ••! ii mft i - , ?_ - m - - , -- M^^^H* \, um\ A«a.̂ î«a••ii me nomernig KKMM oeposns reoei*T recuuge IIIMI ooui SOUJCBI.

Appnuimetely 110-120 Bigd was beoig pmaped for oawudpal aad
iadntrial water aapply in the Dayton area when the October 4, 1MO,

J hC9

abowt 0O-A5 perremt of the water penped from the ground wee being
replaced by iadeeed ttream infHtration. Hie reomiiHter was being
pvnped from etecag* in the aquifer, except for a minor
derived froea inflow from, the bifla bordering the valleys. The •
nieiatalii were eude whem the low at the Davton gage on the Miami
Kiver waa iOB efa, a dieehaige that is equaled or exceeded nearly 09
percent of rhe ante (pL 2). During the periods of soch low lows
the rate of infltntion froaa the riven, except at Bonxers laknd, is
toolowtokBeppeoe wkhtheqnanritTof water being paatped. Oon-

groond-wter kveb decline until iefilcratkn from the
elective in recharging the amrifers.
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AS REZtAXXX TO STAGX, DI8CSLJLROK, AMD *•»*>*

Comparison of the hydrographs of wells Ht-2, Mt-8, and Mt-6 to
die mean discharge in the Miami River (pL 2) shows that the annual
fluctuations in ground-water levels follow closely the hydrograph of
mean stream discharge. The highest ground-water levels usually lag
behind the peak stream dischargee by perioda of a. week or more;
however, ground-water levels usually begin to rise from their seasonal
Iowa in the early fall, when the streams still are at fairly low stages.
The annual rise in ground-water levels in downtown Dayton begins at
the end of the air-conditioning season, when pompage is reduced.

Sustained discharges greater than about 2,000 cfs* at the Miami
River (Main. St.) gage produce most of the annual recharge to the
ground-water reservoirs in central and southern Dayton. This is
concluded from a comparison of the hydrographs of observation wells
Mt-2, Mt-S, and Mt-6 to mean daily discharges in the Miami River
(fig. 19) for 1956, a fairly typical year. It is not known whether the
rate of infiltration is directly proportional to stream discharge and
becomes sufficiently large when the discharge is about 2,000 cfs to
exceed the present, rate of withdrawal from the aquifers, or whether at
somo "critical" discharge a sudden disproportionate significant in-
crease in the infiltration rate is produced. This may occur when
tho velocity reaches a point where scouring of the streambed begins;
or it may relate to changes in the width of the channel, hi that at
higher discharge more of the channel is flooded than at lower dis-
charge, allowing water to infiltrate in areas where the indurated
channel deposits of muck and silt have not accumulated in significant
amount

A table follows that shows the relationship between discharge, stage,
tvidth, and velocity of stream at- the Main Street gage (Miami "River al
Dayton).
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»A dlMterr* tt 2.0M efc tt tfc* Jfatn St. CUB 1» •pproziKatclii woir4i(Dt to
4Mck>rc««( «Sa«f**t the Hutau Dun c»(T nn the Mad Klrcr.
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of otwomtlMi w«l« Mfr.il, Mt-8, llt-fl tad <K ik« Miami Blnr at Da/too, 1MM.
lonU imiMlly rlw wtwn dlKhtrffi M|tt*bi or «•«••«• ibout a.000 eft.
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Tho relationship between width of the stream and specific discharge
varies considerably between the Main Street gage and the low-head
dam near the sooth limits of the city. The Miami River is more
restricted below than above the dam, and width below the dam changes
relatively little when discharge is 300-2,000 cfc.

In the vicinity of the Main Street gage the width of the stream
changes little between stages of 6 and & feet. Below a stage of 6 feet,
however, the infiltration rate may at times be significantly higher in
the part of the channel lying between the "normal" water's edge and
the waterline represented by a discharge of, say, 2JXK) cfs. The in-
termittent exposure of this area, daring which the ground is dried
out, may temporarily increase its permeability.

The change in stage between dischargee of 300 and 2,000 cfs is only
about 1.6 feet at the Main Street gage, and the depth of water in the
stream is not a significant factor in determining the amount of water
infiltrated in downtown Dayton. Farther downstream, however, in
the vicinity of Moraine City, the stage changes more with variations
in discharge, and the head in the river has relatively greater influence
in the recharging of the underlying aquifers.

At a discharge of about 30,000 cfs at the Main Street gage, levees
are topped in the. unimproved part of the channel, and infiltration can
occur over a considerable area in the lowlands south of Dayton. A
discharge of 80,000 cfs occurs, on the average, about once each 1%
years, according to records of the Miami Conservancy District, often
enough for widespread flooding to be a major factor in recharging the
ground-water reservoirs. Improvements will eventually be made
which will restrict flows of this magnitude to the existing ehnnncl.
limiting the areas that will be flooded and probably reducing
ground-water recharge,

Infiltration rates are related also to the velocity of flow in the stream,
in that at critical velocities the sill and indurated bottom seal may
lw scoured from the streambed, thereby increasing its permeability.
Velocities at which a stream scours its bed vary greatly and depend
upon the condition of the streambed, the sediment load in the stream,
and the kind of sediment being transported. The effects of increased
permeability of the streambed, caused by scouring, are partly offset by
the higher turbidity of the water during floods, which reduces
infiltration.

Engineering studies to determine the effects of the flow of water on
bed materials have been directed toward the design of stable channels
and permissible canal velocities, and little attention has been given to
the relation of flow characteristics to infiltration rates. King (1939,
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Tne {otsgOBM disesasion of pennis&ible vdocstiss in artificial dian-
nelo eat IB vanoss uiataiials w ust>fu] as a general guide in considering
the effects of flow velocities in the natural stream channels at Daytom.
Velocities vary ccssBdanblj in the Miami and Had Rivers, not only
with, discharge, bst also wish chingBS ai width of the channels from



HYDROLOGY OF THE VALLET-FILL DEPOSITS 97

place to place. Suffice it to say that in many places and at various
times -velocities in. these streams are sufficiently high that streambed*
are eroded. The effects of this erosion on rhe "bottom seal" have yet to
be evaluated in terms of the relation between infiltration ratea and
specific flows in the streams.

OROTTini WATER AVAILABLE TBOX HATT/HAL STREAK
INTO.TBATIOV

In the reach extending upstream from Holes Creek to the Minim
Kiver well field of the city of Dayton, the Miami River at moderately
loir stages carers on area of approximately 400 acres. Ar comparable
stages the Mad River, between its mouth find Huffman Dam, covers an
area of approximately To acres, including 20 seres of ponds and
lagoons on Roarers Island.4 Thus, during low to moderate stages a
total of about 475 acres of atrcambed is covered by water. Daring
higher dischargee the streams cover somewhat more area: for the
purpose of this, discussion it is assumed that at- discharges of about
2,000 cfs at the Main Street gage the total area covered by the .streams
is about 550 acres. Ground-water pumpage in this area totals approx-
imately 110 mgd, of which an estimated 85 mgd is replenished by
infiltration through the streambeds. Therefore, if infiltration occurs
uniformly over the entire 550- acre area of streambed, the average
infiltration rate will be approximately 0.15 mgd per acre, a value con-
siderably below that observed hi many places under natural conditions.
It is understood, of course, tliat ground-water recharge, does not occur
uniformly over the area, but ranges from zero in small areas whore the
streams are gaining, to at least 1.7 mgd per acre in the ponded areas
on Rohren Island.

The highest rate of natural infiltration through the bed of the Miami
River is in the reach extending from the mouth of the Mad Kiver to
the vicinity of the Broadway Street Bridge, near the sotith boundary
of Dayton. Pumpage along this 4-mile reach is about 30 mgd, almost
all of which, owing to the impermeable covering of buildings and
city streets, must be replenished by infiltration through approximately
165 acres of streambed. Ground-water levels are below the streambed
perennially in this area, and infiltration from the Miami River ocxurs
all the time, though at varying rales. On an annual bash the infiltra-
tion rate averages about 0.18 mgd per acre. However, the average in-
filtration rate in most of this area was only 0.06 mgd per acre on Octo-
ber 4, 1960, during a period of low stream discharge. As explained
previously, most recharge is associated with discharges «<. the Main

*Tb» •tr«*ii-eeT«TM MM* wett eoa>pat*d trtm armi H"oto»rapb« takna Am* 16 ua
M, IttHJ, wfceu tbt dtaeteixet u the 3UU St gate wen 450 ud UTS cT«, renp«ctlT<ilr.
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W*f* °f «l*«t 2jOOO cfe, or greater, which occur about 90 percent

Tf the infikratkai rate is t«umtd to average 0.08 mgd par acre 80
parent of the time when the diaeharge is leas than 8,000 da, it most
avenge aboat OuB wgd per acre daring the re* of the year to replenish
the approximately SO mgd being pumped. An infiltntmi of 0.6 mgd
per acre j» greater than that aeasared in any part ;of the natwaJ stnun
channels on October 4, 1900, and it may be elo» to the maTJmtini tJiat
oeem nataraQy in thia part of th* dunaal whan most recharge- ooran.
This m eonmtent with mnka of dredyin^ f«^«»f"*T made by the
board of oonmtUata, wbidi abomd that, locally at haat, the "VJwniMl
seal" waa rdatirely impeaaoable in this area,

Beeanae of rhe low average infikration rate, frouod-wafar dardop-
ment hi (hi* pan of the Miami River vallev. that b, in tfaa eeatealand
••Iliaia |ni<n nf 1>ij1ni.liii •••ilj imlinil Hi prartVal liaik

in die peat 4 or ft yean • place* wko« pamptcff has not
Tha dediaa waa baited only temporarily, in 1«57. 1998, and early 1*»,
wnan. Jjafharga at the Main Sneet gage was ibo*» aTerage. The year
ltS8 waa irnnMal • that the dieharge in meat of Jiaw» July, and A»-
gaat «XBead0d 2JX» eb aad, aa a rw^t, the aeaaae*! dediae in grand-
water levele waa aiaxh lea* than normal. With groand-water levels
already abnormally high, the aprng recharge of If59, whkh waa
heralded bv Bear-fecord-breakiag flooda. raised groajad-watcr lereb to
h%ha that had aotpnnooalybeBarMdiedsnBe 1992. TUareomry
waa abort lived, bowem, and by the aummer of 1960 ground-water
kwda in ofaerrvatioa weUa Mt-« aad lfi-4^ in downtown Daytom, were
at record Iowa, Hie water level a obaervatMn w«]| Vt-S, in the
amuhnu. |»rt of Oayuai Bear the Stewart Street Bridge, waa acar
the low of record in 1960 and probably would here bean at an alKine
low had there not been a reduction m ponpage that year at nearby

icdaced in places became of the lowering of
ehanrhera, pamping lerehi are near the tope of

aha w*Jl aeneaa in rehdvely deep wells, and shallower weDs have
been abandoned. These conditions have beea noted at the National
Caah. Bagiater Co. piamt • soath-eentral DavtoM, at the Deko Products
Dniuon plant in ovrtnJ Dajtoa, and at the Third Street Stvtka of
the Dayton Power ft Light COL, in the eaat-«oBtral part of town.

Puipage can fee increaaad locally in mitra! and aouthetn Dayton
by the drilling of new veils in relatively undeveloped parta of the
ana. lacreaam obtained this way wfll be small, howerer, coaapared
to the total (naaAity of w»4Tg ««otr being pfonped in> ib? anav "Tî  they

inot be depended apon TO keep pice with the nereaae in
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Moat land is already preempted, and water users are limited in their
choice of drilling sites. Substantial increases in pumpage in this part
of Dayton must await development of methods for increasing stream
infiltration to the underlying aquifers.

Ground-water development can be increased in the Miami River
valley in the northern part of Dayton, above the mouth of the Mad
River, because pumpage there is only about- 4 mgd and ground-inter
levels are relatively high. Much of this area is a residential section,
however, and future pumpage is not likely to exceed 10-15 mgd, a
quantity which ran be readily obtained. The quantity of ground
water available hi this urea will be reduced eventually by development
of the new municipal well field in the Miami River valley, about a mile
north of the city limits.

North of Dayton the aquifers were virtually untapped until the
municipal water department began development of its new Miami
River well field in the vicinity of Beardshear Road. Ptunpage at the
new well field was only about 8 mgd in the spring of 1881; however,
water-department officials hope to develop ultimately a supply of 50
mgd from the well field by artificial recharging methods similar to
those used at Hohrore Island.

Hydrologio conditions at. the new well field are not nearly as favor-
able as they are at Rohrers Island for the development of a large
ground-water supply. At the new well field the upper aquifer is
comparatively thin and most- of the wells will necessarily be screened
in the lower aquifer, beneath the tiH-rich zone. Development of 50
mgd of water will be a practical undertaking only if the rate of leak-
age through the till-rich zone proves to be comparatively high.

About 10 percent of the time the flow of the Miami River at Tay-
lorsvile, 7 notes above the new well field, is less than. 60 mgd (Crow
and Hedges. 1959, p. 139). After tiie well field is fully developed,
pumpage at times of greatest- demand, coincident with periods of low
streamflow, will virtually dry up the stream in the area of the well
field. At Mich times the quantity of ground water available hi Dayton
will be reduced, especially north of the mouth of the Mad River, into
which area the cone of influence of the well field will probably spread.
Farther south, in central and southern Dayton, ground-water levels
may be lowered moderately in drought periods when, unfortunately,
they are already critically low in some areas.

Ground-water development in the Mad River valley in the vicinity
of Rohrers Island is near its practical limit. The municipal water de-
partment pumps more than 40 mgd on an average, from wells in the
upper and lower aquifers. This amount is replenished chiefly by in-
filtration through lagoons and ditches on Rohrers Island. In the
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r, peak <*«""«"A of more tlitn 90 mgd fmrpnafly oonee when
the flow in the Mad Biver ia K> low that most off the inter enters the
groand in the am of the wen Add.

TUe large difeiakn at Bohren Idand most be considered in plus
for additions! dervlopeaat farther downstream; however, Leimim
Bohrers Island and the mouth of the Mid River fonditinro locally
aie favorable for additional large-scale development. In U&&, before
the flnt well was drilled en Rohrer* Island, the tnty pumped about
10 mgd from growpa of wells in the Mad River valley below Bohrcrs
Island.

Am arcaof excepticmnT good potentiaj in the lower Mad Rirerval-
iey ia tt*t between Eaatwood Park and Fiadlaj Street, where the
geokfTM wridcooB iadkatts a break in the till-rich zone and where, an
a ooaaeqnmct. tbe samd and gravel deponta form a
iliWt aojrifer of ^jft1 tvansmBaAilH-y. TTie otv has already
wdk C-43, C-43, CM4, C-45, and C-46 on or Mar the lavee hi tkis

. and is ptaauiUj ^•i|iinfc an aven§e of about 8 mgd, with little
of fToand-water letrh. The poaarbflitiea for large-scale

mifht be farther increewd by the use of one or more
abandoned ipavd pit* hi th» ana to rechariie the aquifer aitifiaaDr.

The Miami Btver aoaih of Dayton, between the Broadway Bridge
and the Booth off Hokt Creek, coven an ATM of apfiroxBnate^r 110
aaree at relatively low flow. If theatream were ooatfined to tbie dtan-
•al at aD tines, die quantify of water avaibibie netwaJly from indared

eoald neetiialily be eetimetod aa 50-75 oagd annaaOy.
however, chaaael •nprovvnunts an geaerally hddng m
and now* of aboat MgOOO cfs, wbicfc oocv on the average

abont one* each IVi y«»*«. remit h\ the flooding of large anas of
bottom had. Theaa Hoodflowi ooatribato ffabataBUaDy to the n-
SBmg of the grand-water leaenoir, and hi this ana. they enable
larger withdrawal* them wfll be praaMe in the futwre, wben ehuuwl
hnprovements an made and feveee are beifhtened.

AM a fnal note in thia sectton, OOOM mention should be made of po-
tential for groand-waier development- in the Stilhrater River valley
in the north •eaUm part of Dayton. The Stillwater Rirer is under-
lain by dap nrili of sand and gravel, hot the deposits generally ace
thinner and of mnch leei area! exteat than tfaoae hi the other prneipal
valleys. Moreover, the StOlwater River flow* mostly through a icai-
deatial area in which large ground-water eoppliea probably will not
be developed. Locally, however, there are sites along the river whew

aappliea of perhaps u much as 1-3 mgd can be
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LIAKA0X THBOTJOH THE TILL-BICH ZOXS

The rate at which water will move through the till-ricli zone into the
lower aquifer is a major factor determining the availability of ground
water in some areas. In the vicinity of "Rohrers Island the till-rich
zone is relatively effective as n confining bed, and the piezometric
surface of the lower aquifer averages about 30 feet lower than the
water table as a result of the pumping of about 15 mgd from the lower
aquifer (Xorris, 1959, p. 14). The till-rich zone pcobably is equally
effective as a confining bed in much of the downtown and northern
parte of Dayton and more locally in areas south of Dayton, such aa the
vicinity of Moraine City. The till-rich zone is relatively ineffective
as a confining bed in the Mad River valley in th&Findlay Street-East-
wood Park area, where interbedded till deposits are generally thin or
absent, and also in the vicinity of the Tart Station of the Dayton
Power A Light Co.. in South Dayton, where the till-rich zone comprises
lenses and irregular masses of till.

In. the Miami River valley the piezometrie surface of the lower
aquifer is about 10-30 feet below the water table in heavily pumped
areas. It can be lowered an additional 20-30 feet in most places with-
out- dewatering the lower aquifer. If the water table is maintained
at a relatively high level, providing a large potential head difference
between water in the upper and lower aquifers, pumpage can increase
substantially before the rate of leakage through the till-rich zone
becomes a major limiting factor.

Figure 20 shows, for various leakage coefficients, the quantity of
water that will leak through the till-rich zone under various head dif-
ferences between the upper and lower aquifers in a segment of the
valley 1 jnife long where the valley-fill deposits are assumed to average
2.5 miles in width. In the Dayton area the value of the leakage co-
efficient has been determined only at one place, on Rohren Islnnd,
where it ranges from 0.002 to 0.012 gpd per cu ft If a median value
of the leakage coefficient is selected, 0.007 gpd per on ft for example,
the graph shows th at for a head difference of 30 feet between the upper
and lower aquifers about 14 mgd will leak through the till-rich zone
in a valley segment 1 mile long and 2.5 miles wide.

ARTIFICIAL BBCHABOEBO XBX

Aquifers have been artificially recharged through either injection
wells or specially constructed pita or by land flooding, and people have
asked whether artificial recharge would be feasible at Dayton. Al-
though a detailed treatment of the subject- is beyond the scope of this
report, some of the principal factors to be considered in evaluating
certain methods of artificial recharging are presented here. A brief
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Anifteial recharging is not aew to the Dayuai area, as
ponds Have bean aaad with considerable sauueee for several yean bj
the Dayton Water Depart mrmt at Rohrgra Triaad. Aho.araduig»ph
afcoK caie-thnd of an acre in area ia used eaefa IHIIIIBMI at the Frifi-
dsire Diriskai plant in Moraine City to dinpoaeof 1-13 mgd of waste

Th» pit is diedged aboot every ft weeks wkik it ia in use.
through wells is an attractive poapibHity, as wate

be aBJeetad iaao aa aqoifar at rate* comparable to rates of pumping
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from the aquifer. Injection veils, like supply wells, require proper
development for efficient operation, Abo, injection wells muet receive
dear water or they will eventually become clogged. The chemical
quality and temperature of the water used for recharging must be
euch that no adverse effects, such as precipitation of mineral com-
pounds, result from mixing of this -water with the water already in
the aquifer. The temperature of the injected water may be critical
alao with respect to the use of the ground water for certain industrial
purposes, and this may limit the time of year when recharge from
surface-water sources can be carried on. Finally, the available head
or pressure difference between the water being; injected and the water
in the aquifer must be considered, as this factor is major in determining
the rate at which water can enter the aquifer.

In. 1055 the Miami Conservancy District experimentally determined
infiltration rates through the bed of a small recharge pit dug in a dry
part of the Miami River chmneL The pit, a quarter of an acre in area,
was 500 feet downstream from the Main Street Bridge (pi 4) and
dug to a depth of 2 feet below river level. When the experiment
wag made the water table was several feet below the bottom of the pit.

As reported by a board of consultants (Abel Wolman and others,
written common*, 1957), the infiltration rate was as high as 7 mgd per
acre when unaltered river water was first conveyed to the pit. The
infiltration rate declined rather rapidly, however, and in one experi-
ment it fell to approximately 0.65 mgd per acre at the end of 2 weeks.
The decline was believed doe to progressive silting of the pit bottom
and to a reduction in the ground-water gradients in the vicinity of the
pit caused by the building up of a ground-water mound beneath the pit.

This experiment attests to the very large increase that can be effected
initially in the rate of streambed infiltration by artificial means, such
as dredging, but it also points up the necessity of taking into account.
in assessing the benefits of artificial recharging, the very rapid decline
in efficiency of many common methods.

The Miami Conservancy District also made a recharge experiment in
1954 in south Dayton, on the right barvk of the Miami River opposite
Carillon Pack, in an area where the water table was more than 10 feet
below river level. The board of consultants (Abel Wolman and others,
written coomranu 195?) reported that:

In thl» recharge loot water vet*, liphnned from tbe river nw tbe top of the
len» and into a larg* gram pit nearby. Tb» ai pboo action waa atarted by means
at a pump. Onc« eetabUnhed. the ntphon waa allowed to continue for a number
of day*. Tbe gravel p4t acted n* • lance recharge bavta and allowed the siphoned
rlvn water to Infiltrate Into tbe grama-water vntem. Xo detailed data on
water level* or Infiltration rates were collected during thts experiment. Tbe
main cottcinaimi t» be derived from the tent wa» that opcraUooK of tbte type
caa mineewtuUy put large amount* << water Into iiwlerKround storage.
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channel floor, the rutting teeth finally penetrated the deposits and tbe backet
wae removed from the riTcr partly fllted with rilt aand. aod grav«l. The next
few bite* into the rJuanel floor were mad* at about the «ame location and the
bucket WB* brought up foil or partly fnil each time. Alter making a total
of flr* or six curs, the operation wan mwpended temporarily to permit water-tore!
meararemeotii to be made In revert! of the nearby obecrrattou well* * • *.

Tbe material* brought up from Uie fint few cut* to the channel floor emulated
chiefly of rery ooane land and gravel, with cobble* op to aboat six inches la
diameter. Many of the pebble* and cobblea were stained dark black and
tbe finer mad and grant had a pronounced black appearance. After brief cx-
IMMire to air and ronUgbt. tb* blaefc color faded ahaoct completely. The eedi-
mmte brought up later from nereral feet below tbe crust were texturally *imllar,
but were U«it fray in color instead of black.

Wltfate a natter of minute* after the channeMwttflm *eal had been penetrated,
water level* la nearby olmei ration weU* begin* to rt*e a* * result of toereawd
river Infiltration • • ».

• * • Water terete In well* wry eio*» to the dredged atrip reached their high-
c*t leredii on tb» Uut dar of drcdglDg opentlon, when infiltration rate* wan
probably at a maximum. A alow decline of water level* in thete well* began
shortly thereafter * • *.

Ttie relttlTely tiapennc&ble trrer>bottom seal wr crort that ccenr* In place*
In the aTuimf Blrer greatly retardii the rertfeal seepage of water. Although the
experimental dredging operation temporarily removed the *eal to a •mall area.
*ubMiiuent flood flow* tended to quickly n*eal the dredged cut with ailt Thu».
It mm* likely tbat dredgiag npanti«B> would hart to he carried on ahnoat
oondnaoodr If my lanttng lomaae <mr the natoral rats of Infiltntlai were to
be attained • • *.

tncTBBfltrmr the rate of rlrt* lunltratlon by dredging in the loving stream area*
would raJye ground-water lerel* by only moderate amount*. Tbe maximum rJae
of water level* would be no greater than the original difference between atreaa
terei and the underlying water Ulile. In moat place*, thto ri*e would be on the
order of only a few feet, attfaouKh riae* of pechap* a* much a* 25 feet could take
placo at come aite*. Pumping lift* hi production well* near the rircr would be
somewhat reduced and tbe yield* would be increased (lightly, bat *a discussed
preriouBly, it 1* thought that a conriderable part of tbete beneflt* would be ahorc-

In view of the factor* outlined abore, dredging of the channel floor win aoram-
ptoh little more than to ralae ground-water lerda locally near the river • • *.

In an** where cnnnpntrated pompinjr haa exten*lTe|y lowered groond>waler
lewil*. eoMrtderatiofi «bould be jciree to recbargfng the underground reaenroir
by the h**bi metbttd rather th«n by channel dredging, particularly in, area* at
considerable distances back from the Miami Hirer.

EXPEBDunrrs AT PBOBXA. iu.

In view of the board of consultants' suggestion relative to the pos-
sibility of recharging the aquifers through basins, information is pr&-
aontext on the results of basin experiments at Peoria, DL The Illinois
State Water Surrey Ifcvision conducted infiltration experiments over
* ]«riod of aevtral years, beginning1 in 1951, in two shallow recharge
pits duff in glacial outwash deposits in this heavily pumped industrial
ana of the Illinois River valley. Other experiments also made use of

77T-O1* O— M - 8
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a rechaiga nit dag by the Bemia Broa. Big Co. at Peoria. Beaolcsof
thai work were deaeribed by Snter and Hannesm. (1960) IB a bulletin
of thftflRnoiB State Water Sarrey.

Fflter materials, oontatJng of several sixes of aaad and of Band and
gnrcai nixtarea, were placed on the pit bottoms in the Peoria experi-
•satt, and rtrer water of rairing Tcnperatvre aad bunkBty was
channeled iato the pita. He filter material* were deaacd or replaced
several tinea im the coarse of the experiments to diacorer which ma-
terial had the leaat tendency to become clogged by the
the ritwr water. The a«t*on stated (1900, p. SI) that:

and Hanwaon (1MO. p. 45) nuaaud np the navta of the
t axparimams aa follova:

i«fhMl|
of 113 feet par day* hivr hce* imhad te the

Pit Kb. X MBBtmetad by the Water Sarnp. and :
par d*r he** turn echirpad U the pit ef BarJ* "Bwa. 9ag

Pfc Ko. t aad irtiiia 412 ud St.? teec per dar la ttt Kd, 1.

ndi lha «Mlk7 <rf pat Bravtl to
a practical na? «f laOtratta* over

taken alactt tk* pea iravd wa>

•na t» M fcr; «• MftMCta tmw «r 1 ft to •*•*! to iboor «Ut •«* ftr MIC.
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ftnt UKd ban shown BO detnfontfon In "•iritmrr flu»Hty of the ground water.
Bepeated uae of the pee xrarel «tun«d no aicnlflcant reduction in the average
daar recharge rate In Pit No. 1 and resulted in Milght reductions in the mte of
Pit No. 2. The pea Rravcl wu repUtwd after three aeaaon/i of uae because the
concentration of aflt WM approachinjr the latunUon limit of to TOM tpaeec.

Temporary IncreuM In reebarce rate eon Ira obtained by zemovlaff part of
tbe accumulated Hill with a auction deanor. Although tbe benefits of tnrh
cleaning an immediately apparent, they are short-lived • • *.

The statements by the board of consultants on dredging experiments
at. Dayton, and by Suter and Haraieson ou the operation of recharge
pita at Peoria, EL, indicate that from an engineering standpoint, both
methods of artificial recharge are probably feasible in the Dayton area.
The problem remains, however, of determining how feasible these
methods are in terms of cost and how to assess the benefits to in-
dividual users.

GROUND-WATER FTTMPAOE IX THE DAYTOX AREA

The Dayton, area, •where the average pumpage in 1968 -was about
110 ngd, has the largest concentration of ground- water uae in Ohio
and one of the largest in the Midwest. The population and industrial
production of the area are certain to increase during the next few
decades, and water demands will increase concurrently. The present.
denety and distribution of pumpage and the coarse of development.
of this pattern are fundamental to an evaluation of the ground-water
potential of the area.

The hydraulic properties of the gtacial-outwash deposits vary
throughout the area, and some of the deposits can sustain a higher
rate of pumping than others. Their development, however, has to
some extent been haphazard and has not necessarily been greatest, in
the most, favorable areas.

An inventory of ground-water pumpage in the Dayton area was
made in 19M-55 by Mr. Robert E. Reemelin of the Water Conserva-
tion Subdistrict of the Miami Conservancy District. Supplemental
data were nollected by the authors in 1957-o9. which brought the in-
ventory up to date. Kmety-nve industries that pump ground water
and three public water-supply systems were surveyed with, regard to
average daily pumpage, peak pumpage, and the history of pumpag*.

Figures given for the 3 public-supply systems in the area are ac-
curate, as these systems meter their water and maintain pumpage
records; however, only 4 of the 95 industries inventoried keep such
records. Figures for the remaining 91 industries are estimates Vwsed
on the number and capacity of wells and the number of hours per day
each pump operates. These estimates range in accuracy from ex-
cellent to highly questionable. Most of the estimates of present water
consumption are probably fairly accurate, whereas some of the hiatori-
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cal data are mace dabtoee. Very little of the ialannatioa is re
it it anally kept only m the memory of • plant engineer or

rdcd;

exactly how water hisforeman, who nay *ot n
plant oaed 20 or 10 jean ago. While U*lrinff in detail, these figure*
do raprcsast tiw order of magnkadc of gnHnd-waiar poMpage. in

in the Dayton ana (table ft, fig. 21) IMS in-
1900. Gcawnlly apaaking, pnampag« wma at first.

Use of groud
tmfdd

n

outlying amaa, thoagk not equaUr in all directions. »tf tha
L of pmnpag« dMtribution, the Dayton area has been divided

diauieU (pLS), within the boundaries of whidi an the prin-
cipal eaoian of ponqMBg. SocMof th* larger dwtricta Wve been sob-
dmded Wia»ipojnpageaconomtrated inoaJy apariofthediatrict
or at sevoal tepante oenten. Diitrict boondaries whenver possible
oohieide with natanJ features, such as streams and the bedrock walls
of tha bvriad raUeyi, bat ̂ in places they are aitatraiy.
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Table ft i> a ninaurj of ground- water pvmpage m tie Dayton ana,
Aiming for each district tbt iranfe daily pumpage, area, and pwnp-
ag» dnotr » mfflkD gaOoac per day per apian mile. Table 7 is a
detaflrd ncatd of |ii»yi^ti by dtatricU, showQff pompage in 1>3S,
the mater of wcOa, vmber of da y» par year in operation, and «ae of
water by tack iadHtry inventoried.
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Th« Central distrioc of the D&Tton umi»b(MMledan.tiM>Borth and
KMiby tt»MJSBiud>bd Rrrwa; U» reat of the boundary • utH-
tmy — acirel»off 1-nfleTMlra* whoaa ceotw is at the corner of Third

It might b» «p«tod Uat the CcHfral district Tiwld be the first to
ondcffo «ynifir«nt gnmrnd-wttw developtncnt, bu it haart. Bj
1900 th* dacriet wa» &irly wen developed reaJdrntiaBy and
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mereially, and little room remained for industry. The earliest indus-
tries were located in the Wast tnd South Park districts. The two lai^ge
plants in the Central district, the Frigidaire and Dclco Products
Divisions of General Motors Corp., began operations long: After 1900-

Pompage has increased at a steady rate from 0.08 mgd in 1900 to
10.21 mgd in 1958. The Central district accounted for only 0.8 percent
of the water pumped in the Dayton area in 1900, but this percentage
had risen to 9.3 by 1958. Meet of the percentage increase occurred be-
tween. 1900 and 1920; from then to the present it has been in the range
of ft-10 percent.

The pumpage density of 5.7 mgd per eq tni for the Central district »
well above the average of 2.3 mgd per sq mi fur the Dayton area as a
whole. Forty establishments in Ihc district withdraw ground -water,
bat only two—die Delco Products ami Frigidaire Divisions of Gen-
eral Motor* Corp.—use 1 mgd or more. A large part, of the water
pumped in the Central district is used to air-condition office buildings:
hence the daily pumpage during the summer far exceeds the averagn
daily figure, which is based on the entire year.

The Central district, already saturated with commercial and resi-
dential establishments, is not likely to undergo extensive industrial
developiuent in the future. Any increase in pumpage here will likely
Iw due to increased air conditioning of office buildings itnd will be small
compared to increases that are likely to occur elsewhere.

BJUBT

The pumpage history of the East district can be virtually equated
•with the history of the Dayton municipal water system. Formerly, all
the municipal wefls were located here: this situation recently changed.
when the Miami Bzver well field, in the North district, began opera-
tion. The East district sustains very little pumpage other than from
the municipal well fields.

Pumping of ground water by the municipal system began in 1809
from large-diameter dog wells at the corner of Dntoit and Beacon
Street*, and 2 yeaxs later new wells were drilled at the corner of
Keowee and Ottawa Streets. In 1887 M group of 8-inch wells was
drilled along the Mad River just east of the main, pumping station at
Keowee Street The number of wells increased with the city's popula-
tion and water demands (Xorris and others, 1948, p. 52-56). The "old
main group,* begun in 1887, expanded to W wells and by 1909 was
supplemented by anotlier group of 6 wells, the "aqueduct group.*
From 1914 to 1919, 28 wells were installed at Taits Hill and 11 at
Eastwood Park. In 1926 development began of the present well field,
(.•entered at Renters Island. Drilling of additional and more efficient
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waDs there sod along the hanks of the Mad River has brosghi abon
gradual •bandossnsot of the older wells from 198* to the- present.
Municipal pssapage has spread from the area of the Keowee OUeet
pampiajr ftatioB eastward along the banks of the Mad Jtrmr, until
now nearly the entire East district along the river is within the ana
of infleeneeof the municipal walls.

SytHesisTan records of nmsicipal pampage prior to ItlO are mot
available. In 1910 the municipal weOs yielded an average of &53mgd,
or MLS psneal of all water p""*!**1 hi the Deytom ana. municipal
ptm>page,«stiinatedataboutftmgdin 1900, had inereased to 45.75 mgd
by 1968. The percentage of all water pumped in the Daytom ana that
» pmMJul by the tnnnVapal fields has decreased to about 40, whereas
pampage by privately owned industrial and eonnnercaal eshiblishmenni
haa giuet ly ier nasud.

Pumpage in the Eaat district other than that from the municipal
well fields has never totaled more than about 8 perceat of the
pumped m the Dayton ana.

The avenge of 4&JB mgd pimped by the Daytoe. municipal
system came finom three centers (pL K). About 17.8 mgd came
4* walk at aid near Bohrers Idsad, sboec 5 mgd came from 5 wells
along-the south bank of the Mad River at TaftsHiS, and abootS mgd
came from one weD near the water-Ueatmeajt pIam%OB AesosA bank
of die Mad Bfver east of Keowea Street Pmnpage from other
eamHmhnents, mostly small industries, total* about I mgd, a. relatively
insigsaficasi fgure compared with the municipal pmnpage.

Pwmpage deasitt for the East district is 6.45 mgd per SB mi, wellm^^to » v sr v '

above the avenge for the Dayton ana. A better idea of pnmpagedv-
tribotion in the East district ca» be obtained by dividing the district in
two along a lias approximately normal to the Mad Hirer at Taits ITilL
The leslsi-s part of the district, which iariudes all the sausacipal wells
at Rohrers Uand, has aa area of t-56 square miles, sustains a» average
daily pnsapage of 3A\M mgd, and has a pmnpage density of 8-88 mgd
persqmi. The western part has an area of SJBseware mil

Thoe fijtorw clewly rfrow that the eaatem part of
the district walaan far more pompage than the wcatern part. The

part has the hijt**"* pampage density in the Dayton area,
I the wcatem part has a considerably lower density.

If any part of the Dayton am can be said to have reached its max-
imum iasabb pvaopege, it is Fitter the eastern part of the East
district or the Sooth Park district* If pampage in the first area were
sabstantially inrieeemi, excessive drawdowns aed a higher coot of
lift woald reselt. OCciafe of the city of Deytoa have recognized that
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tho well field in the vicinity of Bohren laland is being pumped sear
its capacity, and they are therefore developing a well field adjacent to
the Miami Hirer north of Dayton to meet future demands.

VOBTH DXSTBtOT

No pumping of ground water is known to Jure taken place in the
North district prior to 1920; furthermore, pumpage did nob exceed 1
mgd until the period from 1910 to 1050. By 1958, it had increased to
3.06 mgd, or nearly 3 percent of the total pumped in the Dayton area.

The Forth district is largest (15 JL8 &q mi) of die. six divisions of the
Dayton area. Only &.S8 square miles in the industrial part of North
Dayton (pi. 5} sustains substantial ground-water pumpage. With an
average pumpage of 3.06 mgd, thin district- has a pumpage- density of
0.9 mgd per sq mi, the lowest computed for any part of the Dayton
area,

In view of its particularly low ptunpage density, the North district
IB one of the moat promising parts of the Dayton area for future de-
velopment of large ground-water supplies. The city of Dayton's
Water Department purchased land north of Dayton, along the west
bank of the Miami River, and is developing a new well field, which
went into limited use in 1960. When the new well field is fully de-
veloped, the North district will undoubtedly he among the more
heavily pumped parts of the Dayton area.

During tike past 60 years the West district has accounted for a sub-
stantial part of Dayton's ground-water pumpage. Prior to 1930 most
of this water was pumped by the Aetna Paper Co., whose average daily
pumpage, SU> mgd, has remained virtually unchanged since 1900.
Many companies, engaged in different industries, have since located in
the West district and in 1968 the average pumpage had increased from
the 8.5 mgd of the Aetna Piper Co. to 13.86 mgd. The West district's
percentage of the water pumped in the Dayton area has declined, how-
ever, from 35.3 percent in 1900 to 12.5 percent in 1053. This does not
mean to imply that the West- district has correspondingly dropped in
importance as a supplier of ground water. In the late 1020's, industrial
expansion began there in earnest, and sinoe then the district's per-
centage of the total has not declined appreciably (table 5, fig. 21): it
even rom to 17.2 percent temporarily in 1940.

In 1958,20 establishments accounted for the average daily pumpnge
of 1&86 mgd in -the West district. Three of these—the Aetna Paper
Co., the Dayton Tire & Rubber Co- and the Delco-lforaine Division of
General Motors Corp.—each have an average daily pumpage in ex-
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eesBoflmfd. With the axceptioB of these three large phots, pasnp-
age is lather evenly distributed through the eastern part of the Weal
district

The eesterm put of the West district, an ana of 5.01 atparB stiles
(pL 5), had a pOBtpage density of 2.77 mgd per flq mi in It58, which
10 nearly the average for the Dayton area. The district as • whole
bed a pnmpage ifrsMiitj of 1.88 mgd per aq mi.

Pmnpege in sneh of the Wot district ie near its practical limit;
r, okm to the Miami River it could be increased widaoot eaua-

drawdown*.

The National Cash Kcgutw Co. ha* accounted for die baft of
ftoond-vater pnnpafe m the Sooth Park district nee 1900. Its

ttmaad from about 1 nod n 1900 to an average of 8.5
tm 1868. 'B^gmmof in 19i7 the Oalcwood municipal vaterworks

ha* withdrawn as avenue of 0.381 mgd, in addition to pveopage of
The 3lataaa«l Ceah Jtt&Ur Co. This fiarure bee
OBapite the mreaa>in Oafcaiml'B pupelation.
of the Oelcwood waterworiB is limited by its location Bear the edge
of the boried vrnDey, where the perweable sand and grarel deposits
are relatiTafr thin and are too far from the Miami Bh«r to receive
iueMig.ii fraaa infiltration. The additional water dfamida have been
imil Igrpni lnei nfTatar frran il>n r i tr nf Fijlm mil thn Vrnitcnanrrr
Coamtf Sanitary Department.

The percentage tor tin Sooth Park district of all water pojaped in
the Dayton area diopped from 10A percent in 1900 to 6J percent in
19M; thai decfine reflects the relatively more rapid indonrial ezpan-
sen of other districts.

The FatioMl Cash Begistar Co. pomp* ks ax«n«B of &5 mgd from
iiia»w<aiidi5tribwlrithr«i^U»iK«rthh«lfofth*dipt^ The baft
of ite puepege oonet fron three wdb north of Stewart ixicel near
tiheeMt bask of the Miami River. The Oakwood waterworks k lo-
oted near the aootheaat border of the district.

The r*»r*ir Amfitj in the South Park district is &80 mgd per
spj wif well abuw average for the Dayton area.

The Sooth Parx iliBti mt is not liloely to experience- nMsch increase
in growad-water pompage in the futare. Drawdowns in the Katioeal
Cbsh flegJBim Oa. welh are already so great that plant engineers led
it wosJd not be pndent to pesap s&ore water. Many test weOs have
been drilled throughout the district with generally unfavorable results.
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XHBTBICT

Xn significant pnmpage of ground voter in the Moraine district was
recorded prior to 1015, when the plant now belonging Co the Frigidaire
Division of General Motors Corp. started production with an initial
average daily pumpage of abont 1 mgd. I Ate in the 1920*8 the Frank
M. Tait Station of the Dayton Power & Light Co. began operation,
and in 1930 it and the Frigidaire Division plant together pumped an
average of 6.5 mgd. Since World War II, pumpage in the Moraine
district, has shown B spectacular increase— from 8.5S mgd in 1940 to
29.83 mgd in 196H.

In 1952 the Lamme Road well field of the Montgomery County
Sanitary Department began pumping at an average rate of 2.4 mgd,
which had increased to 5.37 mgd by 1958. A small bat undetermined
part of the total during the period 195R-58 was pumped from the well
field atDryden and Sellan Roads.

The Moraine district has shown the most rapid rise of all the dis-
tricts with respect to percentage of -water pumped hi the Dayton area-.
Pumpage in this district increased from only 4 percent in 1920 to 37.0
percent in 1958.

Pumpage in the Moraine district is largely concentrated at the north
and south ends of the western part. (pL 5) . The three principal estab-
lishments which, account for 95 percent of pnmpage in the district are
(ho Frank M. Tait Station of the Dayton Power A Light Co. at the
north end, and the Frigidaire Division of General Motors Corp. and
the Montgomery County Sanitary Department well fields at the south
end.

An accurate representation of the pumpage density in the Moraine
district is difficult to construct. The density for the entire district
is 2.84 mgd per sq mi. Excluding the eastern part (pL 5), which
ftustains no substantial pumpage. the rest of the district has a pump-
age density of 5.03 mgd per sq mi. Even, this figure k not. completely
representative, owing to the uneven pumpage distribution discussed
above. Computing the pnmpage density of arbitrary areas around
these ponipage centers would be misleading, owing to tbc difficulty in
denning boundaries for such areas. Suffice it. to say that the pumpage
density around the two principal centers of pumpage M considerably
higher than the average for the district.

Pnmpage in the Moraine district will probably continue to increase,
though perhaps not at the phenomenal mr« from 1940 to 1958. The
eastern part of the district probably won't share in the expansion, as
it is almost entirely residential. The rest of the Moraine district,
however, has much land suitable for industrial growth. Even the
present pumpage centers can stand some further development without
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dnwdowas. He Moraine district is probably destined for
iadostrial growth thaa any other put of Dayton, and groand-

water pruopage there can be expected to increase aecordinghr.
Passably the greatest "p^tinr of groand-water pompage in the

fntera win rtaok fro* iacreaae ia osrput of the well fields of the
Montgomery County Sanitary Deportment. Hiis pabBc-sopply As-
tern, whoa* paaijugii gr*w from nothing in 19M to £37 ngd in 1S5&
juaua. destiaad for farther expansion. The coanty a eoaetaBtly ex-
tending ita water atajna to nvxr anas; almost all newhoosingdevelop-
awnta in MontgaaMnr County sooth of Dayton win be aerved by th«
lyeteBk. To raeet UWMD nenaaed waiar demands) the> county u de-
Tdopii«sn«»weU field aonth of Miami Shores (pLS). ConoeiT*bly
this eyaUan coadd attain the magnitude of the Dayton mimidpa]

OBODKD-WATXR LEVELS IN THK DAYTO»

Th» seed for ijaliainfii wmter-tarel record* • aaldom reeogsiaed
ontO long after |iaai|iiaji has beoome intensive. This is JsAed trne
in the Dayton area, when the longest continuous water-level reoord,
that of obsMfatiuii w«D Mt-2, dates from 1948: no* of the others
hefmia 1MB or later. Tncaprowad-witerlerebcaimotbeeccsrotiBlF
related to inorauaeg pwnpaae except in the man recent yean.

A weD-rooaded progrua of wster-IeTel neord ihovld relate water-
bvel nkessBTBaMBts to JM4h titn^i «TKJ aiea. The importance of
tuna elsnioat WSM racogaised whaa< in 1V42, the oooperative
tion-wall piaajiaflu was begun by the Ohio Engineering Experiment
Statin and (he UA Geologiea] Snn«y. In 1M« this

led and aaade pennanent (KeeerT 1050, p. 1). In Bore
fas* of the larger industries and public water sappEen have

"""fT"***1 *be aeed for aysfeeataric water-level reoords and hsveestab-
fished their owa ofasertatiea w«Ds.

Neuuaaiy fVnaajh k is. the obnenratico-weD program does not folly
awet the need for water-hweJ inJonaation in a large aad hydrologicaDy
oasapler area, such as Dayton. Here enters the element of ana. At
best, the half doaax or so obssrvation wetls in the Dayton ana provide
a eontiasHns record of the water level at only a half dosen or to loca-

These fcw poavts an not safEcient to define the piuimautiiu
i of aa extenaiTe aquifer and its many centers of pompege (pi.

5), •mf the oost ef drflfing and maintaining a ^M*z^m* nq '̂̂ 'Tr of
Jaaiiiiliuii wdb would be prohibitive.

The ehateat of ana in wateT-leml records wsa considered during
the pneeot iansl^atkat. In the spring of 1955, Mr. B. E. Beenelia
of Ae Water Gonaarratioa Sabdistriet aieaannd the water lereh of
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about 80 wells in the Dayton area. In 1958, personnel of the U.S.
Geological Surrey resumed measurement of these wells in the fall and
spring of each year. Plates 7 and 8 show the configuration of the
pieiometric surface of the lower aquifer in April 1959, when water
levels were relatively high, and in October I960, when they were gen-
erally low.

WANES LJCVJELfl PKZOS TO ZKTKSBZTE FinCPXHO

Prior to pumping, the water level in the volley-fill deposits of the
Dayton area probably ranged from 9 to 20 feet below the land surface
The Mad River valley in the Fairbora area, northeast of the Hoffman
Dam, is probably hydrologically similar to the Dayton area prior to
the beginning of pumping. There the piezometric surface is about 10
feet below the land surface (Walton and Scuddcr, I960, pi. 3).

Few water-level records prior to 1942 are available. A hydrograph
of the Shaw Field well 103 • of the Xational Gash Register Co., for
the period 19SS-40, is shown, on pi. 6. The aquifer in the vicinity of
this well was already being fairly heavily pumped daring the period
of record, so this record h not representative of conditions prior to
such pumping.

Several wells, now abandoned, completed between 1917 and 1826!
at the Moraine City plants of the Frigidaire Division of General
Motors Corp, had static levels ranging from 4 to 12 feet below the
bind surface at the time of drilling. These levels indicate that, the
piecometric surface prior to the pumping was considerably higher than
it is today. In recent yean it has ranged from 20 to 40 feet below land
surface in this vicinity. This decline is the expected result of con-
tinued pumping over a long period of time.

Well Mt-49 {pi. 6) is situated far enough away from heavy pump-
ing not to be directly influenced thereby. Probably, however, its
annual summer decline is accentuated by the pumping at Moraine and
at West Carrollton. Its record approximates more nearly than any
other observation-well record in the Dayton area conditions in ft
glacial-ovbwash aquifer not influenced by pumping. The brief record
of Jft-53 (pi. 6) also is characteristic of an. area not affected by
pumping.

HTDSOORAPHB OF OSKERVAXIOV WZU0

Piezoraetric surfaces continually change in response to natural and
artificial recharge and discharge. In a humid temperate climate.
.such as prevails in Ohio, the recharge factor normally dominates from
November through April, and the discharge factor usually dominates

•TUt wiU. BOW tfcudontd, WM tomlxred Mcerdlar to » tyrtan Oftttot from tatt
Mt4 la the moort report.
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from May through October. Of course, the nom i» not always at-
tained, aa examination of the hydrographs (pi. •) veveala. An ab-
normally dry year, sach u 1954, causes the pttaonetrie aarface to
drop fir man than nfual, whereas a year with above-normal prcdp-
itataon, each u 1957, bring! about » greater than normal rise. Over
a period of jama] yean, however, the** deviations toad to average
ooL This anaaal recforge-diacharge cycle is the donunant feacvre
of moat kjdrafrapfca of welte in HM Dayum area,

Hjdrugiaphs az» CBpacially valuable in that they can indicate long-
tenm omdrsft from a* aquifer. In a hearfly pumped aquifer the
•atnral dcdine daring the stjomer is osoally inriaiaaGgd bj the snper-
impoaing of artificial diaeharge (pumpafe) oa the natural dkehaige.
Moreover, peak panpaee, broight about by the aae of water for air

aad irrifation, usaallr oceara daring the *^n*nff far-
ther intensifying the decline, If over a period of several yean the
water level of a. well is lowered each summer more than can. he made
op fay recharge the following winter, water is nudtobe^miaed," and
the rasnlt is a water deficit which cannot easily be made «p-

Beards of observation waUs in areas of industrial or oasnmercial
pnmping typically have daily and weekly cycles of floctoation saper-

! on the animal recharge-discharge cycle, Pnmping is usually
i during the normal working hoars on weekdays and is lightest

i; therefore, water levels in the observation weDs will show
a iftrtiat daring the dajtime followed by a neunery at night each
weekday, and a greater recovery each week and.

The hydrographs of IS ubssi rttion weDs in the Dayton, area are
punmted on plate 6. Of these records five are currently maintained
by the Division of Water of the Ohio Department of Katoral Be-
sonnss in cooperation with the U.S. Geoiogtcel owTvey, three were
funnnilj mi'ian'med by industries or pnblic water suppliers, and one
was formerly maintained by an industry. Only current retards and
others of sereral yaarr duration arepreaeoted herein. Oosaplefe lists
oi water-level records in the Dayton area are givai far Kaaer (1956.
p. 91) and by Kama, Grant, and Goldthwait (I9f&. table 1).

Some featuns common to most of the Montgomery County hydro-
graphs are here snmmariied to avoid repetition in the individual
ilin isniuni of walls. Precipitation appears to ran hi erdes of feast
and famine (pL 2). Daring th« period of cnrrent obBarvatioB-well
records, the yean 1947-50 had precipitation weO above normal,
wfceieas 1958-56, aad particularly 1953-54, had precipitatksi well
below normal The period 1957-59 was one of abort-normal rainfall,
and 1960 was deficient, Theee conditions are reflected in most of the
observation-well records. Ptitimlarlv erideat are the small amonnt
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of recharge in 1953 and 1954 and the immediate response of some wells
near rivers to the heavy rainfall and resultant floods of 1957, 1953,
aad 1958.

OB8EBVATXOX WXXK, Mt-I

Location.—In Hohrera Island well field of the city of Dayton. Mad
Hirer Township; sec. 1ft, T. 2, R. 7, lat 39°48'. long 84°06', altitude 7fiO
feet Above mean sea-level.

Description.—Fnueed drilled well of the city of Dayton: diameter
R indies, depth 57 feet. Sand and gravel aquifer. Measuring point
was top of 6-inch casing 4 feet above land-surface datum; observation
by automatic recorder from March 1942 to November 1948.

Remarks.—This well show* water-level fluctuations in the upper
aquifer (Norris, 1959, p. 3-4). The frequent abrupt fluctuations of
the water level of this well are due to variations in the distribution
of pumping and changes of head in the artificial-recharge pita at
Rohrers Island. Despite the influence of nearby heavy pumping, ihe
water table in the upper aquifer is maintained at a fairly high level.
Owing to theae artificial controls, this record is not at all representative
of water levels in the Dayton area. It is the only record here where
artificial factors dominate over the annual recharge-discharge cycle.

OBREKVATtOK WE9UL. Mt-B

Location.—Steam-distribution plant (Fourth St. Sta.) of Dayton
Power & Light Co, in downtown Dayton, sec. 4, T. 1, B. 7, lat 39°45*.
long 84°11', altitude 740 feet above rne&u sea level.

DetortptioK.—Unused drilled well of Dayton Power & Light Co.;
diameter 8 inches, depth 52 feet. Sand and gravel aquifer. Measuring
point at floor of (shelter 5.68 feet above land-surface datum: observa-
tion by rtwording gage from May 1952 through December 1060.

Rtmofki.—This well is open, either 'in the lower part of the upper
aquifer or in the partially confining till-rieh. zone that separates the
upper and Imrer aquifers. Figure 22 almws, for comparison, the
recorded water levels for 1 week from well Mt-2 and from well 22,
which is located in the same building but 14$ feet deep and screened in
the lower aquifer. The record of well 22 was made at a time when
the pump was removed for repairs. The rcnurd of well Mtr-2 indicates
the same daily cycle caused by pumping, with recovery on the weekend,
but the peaks nod troughs are not so pronounced as thouc on the record
of well 22 and ore slightly delayed. Furthermore, the water level in
Mt-2 is consistently about 1% feet higher than that in well 22. Mt-2
shows the general water-table trend in its vicinity; well 22 shows the
altitude of the piezometrir surface of the lower aquifer.

7TT-O13 0 «» ft
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I*

beginniof in IMS are dw to
of groud water for air condifeoaiBff of nearby

of Bomal or •bow-nonul rainfall, viator
to offwjfc the piwious nmner's decline.

at eat
T.1,
b*el

.—In peak area atop toree <m east bank of 3fkmi Hirer
Mr of Stewart Stnet and Pattenon Bonlerari Dayton; «c. 9,
R. 7, kt at-44', ka« 84«12', akkade 744 feet above Man see

mgd)

.— DrOlad teM wall of the Ohio Dapaitnuot of
• acLea, depth 80 fceL Sa»d and grcvel aqnier.

point at floor of izutnnMBt shelter, 1.2 feet above land-
naliou bj raoordin^ gage from Novoaibcr IMS
1960.

— Ike water level of tlui well fluctuates in lesponse to the
Ifiami Brver and to beaTT indvstrial pmpage (avg &£

at the National Cadi Begister Co. plant neatby. This well
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originally drilled to a depth of SO feet; it went dry from August
through December 1962 and was then deepened to its present depth
of 80 feet The bydrographs of water-level fluctuations recorded foe-
fore the well "was deepened and of those recorded after it was deepened
are genaraUy similar, except- that the projected general trend of the
second hydrogr&ph lies a few feet below that of the first. The dis-
placement of the two parts of the hydrograph shows thai originally
the weH was open, in the upper aquifer, and that deepening the well
carried ft through the till-rich zone into the lower aquifer, where water
levels are generally lower.

WELL Mt-«

Location.— Kuhns Bros. Foundry, 1800 McCall Street, Dayton, see.
5, T. 2 N., E. 8 E, lat 39°44', long 84°12', altitude 741.1 feet above
moan sea- leveL

Dttervption,— Unused drilled well : diameter 6 inches, depth 156 feet.
Lower sand and gravel aquifer. Measuring point at floor of instru-
ment shelter, L2 feet above land-surface datum; observation by re-
cording gage from February 1946 to December 1952.

Remarke. — Slight pnmpage nearby appears to have little effect on
the annual cycle of this well, although it does affect the daily and
•weekly cycles.

OBSERVATION WKU. Ht~t

Location. — Basement of Municipal Building, Third and Ludlow
Streets, Dayton, aec. 4, T. 1, R. 7, Lot 39*46', long 84°12% alitudc 740
feet above mean, sea leva).

Description — Unused drilled well of the city of Dayton; diameter
8 inches, depth 60 feet Sand and gravel aquifer. Measuring point
at floor of instrument shelter, 13.0 feet below land-surface datum;
observation by periodic measurement from February 1940 to May
1947 and by recording gage from. May 1947 through December 1960.

B-emtK '«. — Long-term fluctuations are in response to the annual
recharge- liscliarge cycle, with the summer discharge accentuated by
nearby pt nping for air conditioners. Although this well is of about
the same c >pth as Mfc-2, it is highly sensitive to nearby pumping be-
cause it u fe Teened in gravel between two fairly widespread till sheets
that here ot istttute the till-rich zone. Tlie weD is considered, some-
what arbitra -ily, to he open in the upper aquifer.

Location. — Barnyard at northeast comer of Farmersville-West
Oarrolkon Koad and Baltimore A Ohio Railroad, in village of Whit-
field, Jefferson Township, sec. 26, T. 3 N., R. 5 E., lat W40', long
84°16', altitude, 715 feet above mean soa- level.
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drilled OB property of Mr. E. F. Stager.
oJa»Btar«mclM», depth 8iO feet. Sand tnd gravel aqmfnr. Measur-
ing poias at floor of nscrajnent shelter, 2.5 feet above lasul-aurfece

by recording gage from ^fonsnber 1947 through

Strnmit.— Mt-tt responds principally to the uwnal ndurge-dis-
eharge cycle, awl to diaruys of stage of the Miami River, about half
tails distant. Regional |iiaas/iag upstream may auuentuatethe som-
BMT diarhaTff , hot this b diflbalt either to pnrte or to diaprara. HUB
vail boataide the ana of the present in veotigmiioa bat i» a. food index
of graond-wBtar latala m arcae not dined? affected by paroping.

Loet&m.— Soutk aid* of pfeat No. 2, Frifidain Dinsioo, Oenenl
ifotcn Corps wcat wte of Springbon Pibt (Sooth Bnadwmy) joat
eaatof3TcMr To* Ccattral Baflraad in Miami Township, aee. Ifi. T. 1,
B. «, U* t»°4Sf . kaig 84°13', abatads 725 feet abova matB aw and.

drilled wdl of tbe GenenJ Motets Conk.;
8 iaahea, depth lit feet. Lower sand aid gravel aqodfar.

point at top of instrument platfom, &0 feet below bad-
by rBnontiny gage May 11SB te Jwae

19W. au^*-^ by Ohio DivisioB of Water in eoopentuA with
UA Geological Survey fraaa May 1958 to April 1909 a*d d«Hgn»tnd
Mt-Bl; auiztUined indepaadmt^y by Frigidaire Diviaien from May
UW to JWM I9tO aad daBgmated B6S.*

Rammit— Hue reoord is inflaeaoai by indnatrial jiaanaiaji of the
Frigidaite Dmakai pbala, and to a teeter degree by punpage at the
Lamma Boad and Drydam Boad w«n fields of the Moalgonery Camtr
Sanitary Departanant. PuyKe ite ptoximitr to oae of the laigeet

a^ ftaTVa^M DO DQESaBBCHK1 dO^a*H" '

haa baaa aotad a wdl MS. During the foods of 1BST,
1MB, aad 1969, the eflecta of leefcarge from die Miami Kimr, about
a aufe dJataaiy wen Tary rapid.

Ltaftitm.—ln Miami Btrv w*D fieH of th« dry of Daytoa^ 1̂ 50
feet aovthwHt of third torn in BeardaheaT Road, 900 feet west of
Miasu Rner, Harmon Township, SBC. 12, T. 2 K., R, « E_, 1st 39*48',
Iov«M*€r,alfiBda 740 feetaboveaiean aea level

Dttariftiem^— Drilled wdl, to be put into prodwctioB as well 1 of the
ea^of Dvytoaj; diaaeatariS iaehea, depth 106 fceL Lower saad and
gravel aawifcr. Obsarration by reooniing gmg» froat March 1957
toJmlyl9W.
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JSetnarkt. — Mtr-53 fluctuated largely in. response to changes in stage
of the nearby Miami River; there is no pumping within the area of
influence of this well The record of Mt-53 is probably representative
of conditions in the valley-fill aquifers of the Dayton area near the
major streams prior to heavy pumping.

Location. — In Larame Road well field of Montgomery County
Sanitary Department, Miami Township, see. 10, T. 1, R. 6, lat 39°42',
long 84°13', altitude 743.fi feet above mean «ea level.

Dotcriptwn. — Drilled best veil owned by Montgomery County.
Sanitary Department; diameter 6 inches, depth 135 feet Sand and
gravel aquifer. Observation by recording1 gag* maintained by Mont-
gomery County Sanitary Department from February 1054 to June
1960.

Remarks. — WcH M-9 is surrounded by the pumping wells of the
Lamme Eoad well field. The somewhat complicated hydrograph is
due to alternation in pumping of several nearby wells at different dis-
tances from M-9. Although well M-0 ia more than a mile from the
Miami Biver and the wella of the Frigidaire Division lie between it
and the river, iI-J> responds to floods, though not so rapidly as does
well 563.

OB8BBVATXOK WBU« $99 AMU Ml

Location— At, Tait Station of the Dayton Power A Light Co., Car-
illon Boulevard and East Biver Road, Dayton, flee. 8, T. 1, R. 7, lat
39°43', long B4«13', altitudes 730 feet (530) and 727 feet (531) above
mean, sea level.

Deacriptwn^—Tvm test wells of the Dayton Power & Light Co.;
both 2 inches in diameter and 120 feet deep. Lower sand and gravel
aquifer. Measuring point top of easing, at land surface; observation
by weekly measurements by Dayton Power & Light Co. personnel from
March, 1946 to May 1960.

Remark*. — These two wells are effected by pumping at the Tait
Station of the Dayton Power & Light Co. and by changes in stage of
the Miami River, about 700 feet distant. The abrupt rise in water
levels in response to the floods of 15)57, 1958, and 1959 is evidence that
the hydraulic separation of the upper and lower aquifers is not com-
plete. (See also geologic section I>-D", pL 3.)

ETRJC-GOVVO17B JKAPB

Plates 7 and 8 are generalized contour maps of the piazometjic sur-
face of the lower aquifer, based on water-level measurements made in
about 60 observation wells in the Dayton area in April 1959 and Octo-
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her 19*0. The* ODeBTfattoo weDa had been nnsarad in April 195S
•ad twin annmUy in IMS, i960, aod I960. The April 1959 and
October 1960 eootoar aupe me* selected for mclesion. in the report
heeaa*B they represent generally the h*gh«^ and lowest water levels
oVriag this iBTestigmtioa.

In moot places ia the Dayton area the outwash deposits are separated
into aa appar and a lower aquifer by partially confining layers of
day-rich uD. Nearly all the iadnstnal supply and oMrh of the jaan)-
eipal (apply OOSBM froaa the lower sand and grvrel aquifer, at depths of
100-aOO feet Wo* the flood plain of tho Miami and Mad River-
la axeaa when the low aajaifer i» being hearily pvnped, die piezo-
netnc sorfiMa of tJiia aqvifnr is sevenil feet lower than the water
taU»of t!a* upper aqoiier. "Where die lower aquifer if not heinfcheav-
fly penaped, £ttk if any head diflerentaal eoata.

The pirannanuki map* itpieaeot a eampraaaisB with the actaal
hjdrokgiD eoadkiona aa preriooslT deserihed. A literal lepreemta-
tko womld naqoire aeparato oootoar maps of the apper aad lower
ee^vnan *or each tiaaa or nweaaFeMeat. r> at, cnoegh ooBerratioB wells
tap the apper aquifer, aowerti, to pernit conatractiom of sach a map
lor thai aquifer. TWwf ore, the nape aeeoenpanyin|r this report an
baaad hu'gulj <m weOa IB. the lower eqoiier. sapplemented by records
from a Jew welhi i» the upper aqoifer where no head dUei'ential or

knbeocved toaznu. Ti>p uiipn B^^Ttayin^tTfi to *** ifpHH
i of the static water tovak of noat wells in the Dayton

i a*e not treated ac recharge boudanea owinej to the
»np of the lower aa^afer from the principal

of the area. The bedrock wall* of the Miami and. Mad Hirer Taller?
are eraotnrOy aencted as the touts 01 toe contoured area.

The fBBeral eonr^nration of boih mape is the same. The pieao-
iaetrie aurface of tbe krw*r aqoifer m ths pan of the Dayton ana.
a§ectcd by pomping ranges m depth from ao to 50 feat below the land
aarfhna la parts of the area not affected by pmmpiBg it is usually at
a- depth of bae than. 90 feet FOOT najor cones of depnauon axe evi-
dent on both pieMBuetrie maps- One rone ts at the Bohren Island
well laid of the dsj of Dayton, in the eastern part of the Ea» district.
The SMoad and largest cone m the Dayton ana indodea the Central
aad South Pazk dmriota, the eastern pan of the Weet diatrieU and
the northernmost part of the Mom me district. It- reaches it* lowest
point in the weflfald of the National Caah Register Co, in the South
Park district. The third cone is at the Dayton Tire A Rebber Co.
ptaac along Wolf Creek hi the West district. The fowrth cone, in the
Monuae district, centers around the Montgomery Coentry Semtery
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Department well fields and (lie plants of the Frigidaire Division.
General Motors Corp.

Water levels in October 1960 (pi. 8) were li»ww throughout the
urea than they w«re in April IB59 (pi. 7). Tta change WHS fur from
uniform, however. It was greatest in th«* four areas directly affoctod
by heavy pumping and was least in the areas not so aiTecr«d. Tn the
four heavily pumped area* the difference in altitudes ranged from "
to 28 feet nnd averaged about 15 feet-. In th» areas unaffected by
pumping the range was 1-4 feet. The maximum lowering1 occurred
at fcfiaBohrera Island well field, where the picxometric surface declined
more than 20 feet from April 1069 to October 1960. The minimum
lowering of 1-4 feet occurred in north Dayton.

CHEMICAL QUALITY OF STTBPACB AND GROUND
WATERS

The utility of water is determined as much by its chemical qualify
ns by its availability and quantity. Natural writer from all sources
contains varying' quantities of dissolved solids, some of which may be
objectionable or may even render the water unsatisfactory for pertain
uses. A knowledge of the concentrations of these constituents is
therefore essential in any ground-water study.

Western Ohio is underlain mostly by cfirbonAte-rich materials.
The bedrock consists chiefly of limestone and dolomite, from which
the surficinl deposits were largely derived. Naturally occurring
vvater (.ends to reflect its chemical environment, and both ground nnd
surface waters in tlie Dayton area contain a relatively hiph proportion
of calcium and bicarbonate.

In the present investigation, ±i samples of -water from representa-
tive walls in the glacdal-outwasli aquifers of ilm Diiyiou nn*n
collected and auialyzed; table S summarizes the re?ulr>> til
analyses.

Table 9 records analyses of six miaoellaneous surface-wa'.er
from the Dayton arott and environs. La-mar and Schroeder
Hummarized the results of a regular surface-water-sampling program
carried on during the period 1046-48 and refiortcd on the quality of
surface water in more detail than is feasible here.

iTUUMM AJTD PBOPJEXTIBB OF NATURAL WATMt

The ground-water samples were analyzed for the following: Silica.
iron, manganese, calcium, magnesium, sodium, potassium, bicarbonate.
solfate, chloride, fluoride, nitrate, dissolved solids, hardness, specific
conductance, pH, and color (table 8). The surface- water samples
wore analyaed for all the aforementioned constituents and properties
except manganese (table 9). The source of these constituents, the
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factors accounting for the properties, and the significance of both
with respect to the various uses of water are discussed briefly. Hem
(I9i>9) presented a fuller discussion in his study of the geochemistry
of natural water

Silicon is second to oxygen as the most abundant element in the
earth's crust, It occurs in nature in the form of the silicate radical
(SiO4) or A3 silica (SiO,). Silica haa a low solubility, but nil natural
water contains amal) quantifies of it. The silida content of ground -
water samples from the Dayton area ranges from 8JJ to 18 ppm (ports
per million) and averages 14 ppm. It can cause the formation of a
hard scale in boilers, particularly in high-pressure boilers.

raoar <*»>

Iron, is present in aft rocks and consequently is a constituent of nearly
aH natural water. Iron concentration in the ground-water samples in
the Dayton area, ranges from 0.00 to 3.5 ppm and averages 0.66 ppm.
A concentration of about 0.3 ppm or greater stains enamel, porcelain,
and clothing. Iron concentration in excess of about 0.5 ppm gives
water an unpleasant taste bat causes no deleterious physiological
effects.

The presence of so-called "iron bacteria*1 in wells and water-trans-
mission lines creates a special problem. Iron bacteria are not true bac-
teria but are living organisms often found in natural water. Speller
(1936, p. 187-188) reported that they depend upon iron for existence
and thrive in slightly acid water containing 2 ppm or more iron.
Crenothrite is probably the most common of the several iron bacteria
known. Metallic and nonmetalKc materials that carry water con-
taining iron bacteria become coated by nodulea of ferric hydroxide or
by a slimy scam impregnated with ferric hydroxide. The water may
become colored red. and its rate of flow may be affected by the activity
of these organisms. They are responsible for one of the major water-
traatznent problems in the Dayton area but can be checked by certain
methods. The Dayton Power * Light Co. chlorinates ite water
to kill the bacteria and adds a polyphosphate compound to keep the
iron in solution.

MANGANESE

Tha concentration of manganese in water is generally less than
that of iron; however, the effects of the two constituents are similar.
Of the 44 ground-water samples analyzed, 30 have a measurable con-
centration of manganese, ranging from 0.01 to 0.50 ppm and averaging
0.08 ppm. The manganese concentration of 18 aamptea equals or
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i the U.S. PnbJie Health Service ( IMP.) m-onuaentfed link of
OuOfipfan.

<c»>

is ooe of the major oon-ftihieote of natural nterinalnae-
stone terrene such as that in which theTfcyton area is situated. COB-
eentrarionft of ealcnun in the grmmd-waur saoiplea analyzed range
from. 60 to in ppm and arerage 9$ ppm. Calcium sad nnfnr~hiai
•KB the principal eaom of water hardness; their effeete axe discussed

• the hading "Hirdwea/

fMff>

Dolomitie rock or tmcon»li<Jmte«l materitls dehred tfaneftuui arc
tha prinnpal noro of tnaynwium. CnnoMttnuoui of magneshun in
the groond-wmtor samplo from the Da\-t<m area nnjte frooa 29 to 46
ppM and average-36 pfn. The elfocbi of magneahan on froand

•ODIUM (Ha) AMD POTA4WUM (X>

The alkali metals mdioa and potMsiaB an diacnewd
as ikeir aoorra and efecn an similar. Sodram 19 genenlhr the i
abmtdant of tfce two and w morr easily diasolved from th»aooroe rock.
Go**bined oonuentratkma of lh» TWO metala in the growad-water
•unpfes analysed range from t to 43 ppm and aTerag* 18 ppm. Al-
thoe^lt relatively low, these coonulrations of tb» alkalies ate sofirienL
to caota aadecirabfe effects n BOBM uses, fuch as in high-pceHam
boileea.

•BCAABOHATB OOO«>

Water whtck comtaina earboa dloonde (CO,) diieolref the eaito»-
atea of caknan and nafnethnn from rock, forminir the bicarbonate
(HOOi) km. In a carbonate-rich terrane, bicarbonate is oae of the
mjor eoMUtuenu of natural water. Concent ratioaa n the froond-
water aamplea analysed range fron 868 to 470 pp» aad average 868
ppm. At high tceaperatare^ in heifers, the birarbmale decosapoaea to
yield carbon dioxioX which

•WAXB (CO,)

Salfare in natoral water is largely distolved froea gypsniB, a
nlahle mineral which occurs in the limestones and dokmutes of
ern Ohio. ConceMnuom, in the omund-water Maip.hu analped
ranj{e from 81 to 189 ppm and areniee 80 ppm. Solface canes much
of the BOncarboBate aardnesa of water. Sol fate combines with cal-
cium to form hard acah) in boikcs and in other heat-exchange eqaip-
BMB*. The US. Pohlic Health Servire (1*3) KcotnaieDds that the
salfate oonteac of drinking water not ezceeil VJ50 ppaL
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Chloride is a minor constituent of ground water in. the glacial-OTit-
wash aquifers of the Dayton area. Concentrations in the ground-
water samples analyzed range from 1.3 lo 67 ppm and average 23
ppm. All the samples of ground water (table 8) and surface water
(tibia 9) contain lees chloride than the 250-ppm limit recommended
by the UJS. Public Health Service (1&62) for drinking water.

VUIOBIDK <F>

Minute quantities of fluoride, are found in most water from lim*-
stone terrane. In the analyses of ground water in the Dayton area,
the fluoride concentration ranges from 0.1 to 1.8 ppm and averages
0.36 ppm. Protracted use of water having more than 1 J5 ppm fluoride
can cause mottling of teeth, especially in children (Dean and others,
1912) . The U.8. Public Health Service (1962) recommends that the
average fluoride concentration should not. exceed 0.8-1.7 ppm; the
figure depends on the annual itverag? of maximum daily air
temperatures.

XXTBATE

Most of the nitrate occurring in ground water is derived from am}
in which legumes are grown and on which animal excrement and
nitrate fertilizers have been distributed. The concentrations reported
in analyses of the ground- water samples from the Dayton area range
from 0.0 to #0 ppm and average 4 ppm. All these analyses are well
under the tentative limit of 45 ppm nitrate recommended by the
U.S. Public Health Service (1982) . The presence of nitrate in excess
of this amount in drinking water has been definitely correlated with
methemogiobinemu (cyanosis, or "blue baby" disease) in infants
(Maxcy, I960).

The three wells (218, 520, C-47) that yielded 10 ppm or n*ore of
nitrate are all located near streams ami probably are receiving re-
charge by infiltration of stream water having a high nitrate content
due to pollution. All other reported concentrations of nitrate are
below 8 ppm.

oraaoi.via> SOLCDS <BXSIDITB AT IM»C>

The determination, of dissolved solids is made in laboratories of
the U.S. Geological Survey by evaporating a suitable volume of the
sample to near dryneaa on a steam bath nnd then drying the residue
in an oven for 1 hour at 1BG°C (ITem, 1930, p. 49-50; Rainwater and
Thatcher, 1990, p. 330) . Concentrations of dissolved solids in ground-
water samples from the Dayton area range from 274 to G34 ppm and
average 458 ppm. Water having more than 1,000 ppm of dissolved
solids is generally considered to he unsatisfactory for most purposes.
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TW TTPomaniindud apoer limit of disaohrd solids a driaiong
tt 500 ppm (UJ& Pabfic Health Serrica, 1M2). Sane specialiced
fehatral tppHfitiflns reason a mnrh

For aatay yean watert hardneaa has IMA regarded as its aoap-
piopenj. Soap-consuming water coaUaina ration*, chiefly

caVi'mm tad atsgaeama, that form insoluble eompoanda with soap.
Tkk tfaditkmal eoaopt U not mtanfy iati«facfcocyt

a great BMO; oauLknenta othv tkaa UIOGS o0aaDj cooudend
trihathy to hai ilium wfllnact with aoap. lB«Ba|raei
logioal Sorraj a atandard pauuadiUB hufceen adopted (Hega, 1SW, p.
lit). Itai Jau» is naporced under two dMaafintrinm : CMbcpata and
ncneatataea, TW«e ara apprnaimahJy e^cnJaat to the UxBtioual
tama **4mpancT hardttev' cad "penuuunA hacdana,11 HardnoK
that TM attriMCaJUa to eakiam tad mEgneauHi is xeponed i* an.
aainvakBtqaaotity «* cakraia caibonate (CwCXD,).

Cwbouto haiJaiM of tlw gramd-water namplmi cofletted in tha
Dajton ana rangt* from 909 to 516 ppm and «iuaae»8B6ppm: noa-
carfaonate hiHng» of the aaaie suaplea range* from 100 to 1O ppm

Oroand water in the Daytoa ana k hard by altnosc any staadard.
it acoeaaary for boiler OM tad is desirable for most other

The widespread use of detergents, however, has in many in-
. eliminated the need for softening water aaed for laandaring'.

Ha fine-soda awthod of tnatznent is aaedby the Dayton water system
to radoee the carbonate hardaea* to aboot 100 ppax The other public
walar-aapply systena in the ana do not soften their water. Moat snail
waMr-tofteajng aaataEatkas me the ion-exchange or zeolite saeti
whereby the cakiaau and augnceian ions are exehanged for Kodinm

Tla» mndnrnane of a aohtaon (its abOitr to i
canaax) gum ally • directly related to its disaorrad-soiids ronteat.
Goadaetanee is the leuptoual of rwitfance and is nwasored ia nAtos.
the nciproraJ of ohms. As the coaulaclanoe of aH aatoral water i*
weJlbelowlBih^kisKieaav^minkTtiBihoefBahosXlO*). In water
aaalvaaj by the US. Geological SOTV^J the cpecife condaotaaee is
reported ia aajeramhos at 23°C (Hem, 1959, p. 38).

Althoogh apetifk fiondactanre is not invariably related to the dia-
•olved-eolidB eoatent of water, it can be used toestiaiate such coatent.
Ia the gmmd-water eampfaa from the Dayton area, specific «oador-

m from Mi to 960 aaftroaihoa and amaaes 742 microaikaH.
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The specific conductance of water from glacial'-outwash aquifers of the
Dayton area generally is 1.3-2 times the dissolved-solids content.

PH

The pH value (the negative logarithm of the hydrogen-ion eoncen-
tmion) is a measure of the acidity or alkalinity of a solution. A pH
of 7.0 denotes a. neutral solution, less than 7.0 denotes an acid solution,.
and more than 7.0 denotes an alkaline solution. The pH of ground-
waiter samples from the Dayton area ranges from 7.2 to 7.8 and is
therefore on the alkaline side of the scale.

count
Color is measured by a platiiiinn-colbalt scale, on which one unit

represents the color produced by 1 ppm of platinum. Most color in
natural water is due to the presence of organic matter. In the ground-
water samples from the Dayton area, color ranges from 1 to 6 color
units and averages 3 color units. These values are insignificant for
most uses of water and cannot be detected by the unaided eye.

T^HK^HA'ff! KB

Temperatures of the ground-water samples from the Dayton area,
when collected, ranged from 50° to 6i°F and averaged 57J}°F. Tem-
peratures of ground water in the Dayton area generally range from
52° to 56°F. The wider range of temperatures reported i» due pri-
marily to recharge by induced infiltration of wanner and colder sur-
face water. Shallow wella that are pumped at a high rate and are near
a stream yield water whose temperature usually fluctuates over a wide
range seasonally, perhaps as much as from 45° to 75 °F. Deep wells,
and shallow weQs not near a stream, generally yield water of more
uniform temperature.

CHXXZCAI. ouAKrrr OF mnu-jtcoi WATXB JJID in BXLATIOV
TO QBOTOD WATXB

The chemical quality of surface water is far more variable than that
of ground water. There are two primary causes for this: (1) large
MOBooikl fluctuation, of discharge and attendant concentration or dilu-
tion of individual constituents and (2) the variability of contamina-
tion by effluent from industries and municipal sewage plants. The
records of miscellaneous sampling of the Miami. Mad, and Stillwater
Rivers and of Wolf Creek (table 9) illustrate the variation in
concentrations.

In general, the surface water sampled in the Dayton area contains
less dissolved solids than the ground water sampled. Nitrate is gen-
erally higher for the surface-water samples but well below the upper
limit of 4£ ppm. The values fur color and pH likewise are higher
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for the surfaee-waiier samples, and the temperature of the snrfaoa
water shows • far wider range than that of the ground water.

The qanttLy of surface water is of special interest in a ground-water
investigation because in. heavily ponped areas adjacent to a stream
most recharge to the aquifer comes from induced infitntran front
thn stream.

The possibility always exists that polluted stream water may con-
taminate the aqsdfer. There is no evidence to date to suggest that

•mBBORATxaar or TrmnrrniT. gTrAnrr DATA

QiBpbsarewaifalTbrpreauiUngaoondsBsnnanarTof watar-owality
data, for they often clarify the leas obrioos rdationahips of the db-
solvad unMtHuenli m water. Several graphic methods of presenting
these data hat* bean Aarisad, and their applications wen swnmarixrd
by Han (1969, p. 164-1M).

Two graphic "*******"• wen chosen to smnnarue the data of this
unnaatamtitm The first (Kg. 83) is a nomograph deriasd by Schodler
(1985) and adapted by R. C. Vorhis of the UJ&. Geological Surrey

^&ft BflBQ OB^BB t̂ SB a^DaUCUDQBa* IDU l̂DimQa ftOd ft^CCetflBft OO>s%BBSHHllO*^9 Qw

the paternal i nialifsasjlii of the 44 ground-water aamples from the
Dayton area are shown. Abo plotted, for comparison, are the aver-
ages of daily sampling of the Miami and Mad Rivera in 1946 and
1947 (ailar Lamer and Sehroader, 19SI). This diagram is especially
nsafal for cosmrsmn of the varions constitnents from parts per million
toaqnhrslantB psrmiffla*,

Flgnra 24 is a trilinear diagram devised by Piper (1944) for show-
ing As percentage composition of the principal chemical eoaotitoenta
of natural water. The diagram, is an equilateral triangle divided
into three fields, The lower left and lower right fields are taaaHsr
es/sflnteral triangles, and the central field is diamond shaped. Pipers
diagram indicates only the rrfatirr rnncentrations of the principal

It TT|iriB«fn the cation» ralciam (Ca), magnesiam (Mg). and
pins potasmtm (Ka + K); and the anions chloride (Q), car-

bonate pins bicarhonate (CO.+HOO.) and snlfats (SO,)- The per-
centage of eaeh of the cations in equivalents per million a plottfd at
a point in the left triangular field according to eonrentional trilinear
coordinates: the percentage of eaeh of the three anions is platted in
the right triangular field. The two points for eaeh analysis are pro-
jected parallel to the sides of the greater triangle, as shown hi the small

i «f figure 34, into the central diamond-shaped field. The point in
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23.— Logarttlunlc nomocnph <bowlitB xange In
cone0Rtntk)D of the principal chemical comdtuente
of Rroand- mad aurftce-wBter Mnartef ITCBI tb«

, OJilo.
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the oatal fiald b a& indot of the chemical cooapoakkm of the irater
with Ttapict to tHe four f»in of ions indimted Bkag the mmgajs off

of NfMBBntative fi wad- water aBMjHea fran the
gUdalnm aaiii aaaofan of the Dayton area, plus the average* of anai-
ye» of the auapke collected daily IB 1W6-47 fro» the IGami and Mad
Brren, axe plotted at 6gm 81. It is readilj apparent that all these
enaljeei mn leptaauilml»the aiaae naaJI aegmant of each of the three
fiaUi, BMfieatinf that all the waters inalysed are of ttftaafbr mailar

.oaleouD (Ca) md bie*itwa«t» (HCXX) beiag hy far ti»
L The relative compoaitiona of the ground- «ad

•mifaoe-watar mimpann cannot be distinituislied on the basis of these
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On the basis of 44 camples analyzed, the ground water in all the
valley- fill aquifers of the Dayton area is of remarkably similar chem-
ical composition. Calcium and bicarbonate are the most prevalent.
constituents and cause an ezpeotedly high hardness. All the samples
analyzed are hard by most- standards. Iron concentration* of 13
samples exceed the U.S. Public Health Service limit of 0.8 ppm for
drinking water. Without treatment, such water would be disagree-
able to the taste. Many samples contain enough iron to allow the
growth of Crenathfo bacteria, resulting in a major treatment problem.
All the samples analyzed are chemically satisfactory for drinking.
The water requires treatment, however, for many industrial appli-
cations.

FUTURE GROTJND-WA.TER KEBDS

Estimating future ground- water needs is at best a difficult under-
taking, «nd the results are probably arrived at with more qualifications
and more uncertainty than forecasts of moat other human needs.
Public officials and informed private observers «!ike anticipate a.
large increase in water use in the years ahead, resulting from several
socioeconomic factors, all of which will affect the- Dayton area in
varying degree. First there is the natural growth in population. In
recant years the rate of population growth has been relatively high,
and it will probably continue at a high rate in the foreseeable future.
S«ond, the per capita use of waiter for domestic purposes has in-
creased even faster than, has the population, as automatic washers,
ahowere, and other water-using equipment and practices have become
more widespread. The per capita rale of increase in domestic use
probably will level off, however, as there appears to be a- reasonable
limit to the amount of water needed for washing, lawn sprinkling.
and other home or personal requirements.

The third most important consideration affecting the use of water
m. the Dayton area is that of industrial water requirements. Gen-
erally, the rate of water use by industry has kept pace with or exceeded
the increase in industrial output. However, water-saving methods
have been instituted by some plants, and ways have been found to
reduce the amount of water used in certain processes. Also, in some
instances, water that formerly reached -the plant effluent after being
used only once is recirculated and used over again, perhaps many
times. On the other hand, some plants, especially those making syn-
thetic products and chemicals, now use raw materials of lower grade
than formerly and require much more water than they did in the past
(Piper, 1953, p. 5), There are no large chemical or synthetic plants
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at Dayton, aad probably no aigtrififiant ehangea in water we- ieiathe
to plant oatpot have oucaiiad in recent yean.

flonm phutta, for eaamplf the Frifidaire Division plant at Moraine
(Sty, ham began ntnndng water to the ground on a amaD acale and
than • crary fifaaeihnnd that water-aering methods, raving of water,
and ntarning of water to the gioand will be practiced increasingly
by Dayton adyatriee im future yean. Deapite these conservation
measorea, however, thorn ia certain to be a huge inoraaae in the draft
on. the aqaifrrfl at population aad i««i?^nj] output coaunne to grow.

The iDereaae in indnaorial -sia* of water wiQ ha BMck greater than
anticipated if huge new plants are built at Dayton, or if acnrprodacts
^VewOm OBeVMB^WCw^BIVB a^BQentfFBV ftUalltlQDftl H9D Ol ^VBSCT eta^fr QC*^ClOD6Ce*

Moeh choice land a atiO avaUahk for rndoatnal expansion. The
pool of akffiad hboe, excellent transportation faciilfiea. and a gener-
ally &Torabla rfi»a*B for indoetry make it fikaly that many new
phnrta will be boJk hare in the next two or tame decades. The coat
of water amy Jimailiie aad mltiaMteiy liatit the rate of any farther

In hie nportoa dw aaaionwVlii water auawtkn. Piper (1953, p. 1)

Piper (Ittt, p. 6) eatnuted the Nation's 1*75 water reojairementa
by projecting water BM figone for 1990 appcoajmatalj' 8S years into
tfaafutare. He wrote:

It

»of a doubling ta water ea» in the 2£-y«ar
1100-79 appGea to both larfaca water and gromd water; however, H
ie not hwwntiifert with the inereaa» in grooad-water wiUidrawab in
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the Dayton area in recent years. In 1950, ground-water pumpage in
the Dayton area was about 50 mgd; in 1900, it was about 90 mgd. The
tremendous growth of water use predicted by Piper appears to hare
begun somewhat before 1600 in the Dayton area,

Dr. Jerome P. Pichard of the Urban Land Institute, a private re-
search organization, estimated (The Dayton Daily Xews, Nor. IS,
1959) that the population of the Dayton metropolitan area, which
includes Montgomery and Greene Counties, will be 903,000 in 1980 and
1,343,000 in the year 2000. In 1960 the population of the area was
631,722. Dr. Pichard believes that by the year 2000, Dayton will be
one of the major centers in the Great Lakes area, along with Columbus,
Indianapolis. Akron, and LoaisviBe.

Not all this million-plus population of the year 2000 will be served
by the Dayton and the Montgomery County water systems, but R
doubling of the present, number of domestic customers served by these
systems would seem, not unlikely by that time.

Thus, if the per capita use of water for domestic needs continues to
increase, at least moderately, in the mart several years and if Pipers
prediction that the increase in future industrial water requirements
will be substantially greater than the increase in the use of water for
other purposes is borne out, then estimates of the overall demand for
ground water in the Dayton area are impressive indeed. By 1975, only
about 15 years hence, ground-water demand will have risen from the
1958 figure of 110 mgd to at least 1150 mgd. By the year 2000 no leas
than 210 mgd will be withdrawn from the valley-fill deposits in the
Dayton area. These estimates are probably conservative and take into
account the effects of water-conservation measures which probably will
become •widespread in the next several yean. What the demand for
water will be a few decades after 2000. say by the middle of the 21st
century, cannot even be guessed with reasonable confidence. Of more
immediate concern » whether Dayton's water needs in the next 40
yean can be met at reasonable cost

CONCLUSIONS

The Dayton area is richly endowed with ground-water resource*.
This is attested to by the fact that its pumpage of approximately 110
mgd in 1958 represented about one-fourth of the ground water used
in Ohio. The thick and extensive sand and grave] aquifers in the
valleys of the Miami and Mad Rivers an recharged by the streams
which flow over them and yield ground water in quantities that are
limited chiefly by the regimen of streamflow and the rate at which
water can infiltrate through the streambeds.
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Groand-wat«r withdrawal* can be materially increased in the
Dayton area. An estimated 200 mgd on be obtained simply by coa-
uanng rhe prmni mernod* and geographical pattern of development,
evm tbottfji B*ed« of the increased pnmpage would be from areas
•heady yielding Luge serppliee. The estimate wovJd be higher, per-
haps as much as 325 mgd, if moat of the new wells that will be needed
in the fetere could hedriDed hi presently undeveloped or only moder-
aJehr developed areas. Such w*Ui should be locat«d doae to the cource
atrauna and ahould tap the nun paniMabla parts of th* •avdfcn,
prafenbly where there are mo interbeddad depomtB of till to retard the
downwaro BO'cuent of water to the vaU acreeos.

New welb wiU not aD be drilled in favorable anas, hovvoar. as much
land ha* bean, or will be, preempt ad foe uaea other thaa water-supply
danfapmea*. Ifot aD iadnstru] plaeta are located where gaokgie
and hydrologi*- factors are moat faTorable for well derelopiaeaL We
can ooodade, therefore, that ground-water reaonrow will probably
never be developed to the muwMm extent poasible.

Large though the presently undeveloped groanoVwater reaooropc
•my senu the total ojaanttty of water avaiUble ia broo^xt into aobar
penpective by the steeply Himhiiy rate of ground-wacer demand,
whidi indkwtfc a need for 130 mfd by 1975 and for as ranch as 210
aagd by the year 8000. This meaoa that vnleaa Aatonl oonditifma are
altered—that it. waloe the rate of atrean infiltration to the imderiy-
inffaqni fcrs ia artifciany inereased—the Dart on area covld experience
» 0ancral sborrafe of gnuarnd water in leas than 40 years. Widespread
Jmnay ii ant not inevitable, however, as economical •etbods win no
doubt be fond to imreaae the rate of repleniahment to the principal
aqnifere, Bwt anth •mkods are not yet at hand, nor is them pranise
that they will be de^Hoped and applied soon enough. ID prevent the
occurrence of weal •jroond-watar (faocr&ana.

Daytoni grovnd-water sUuatioa. which win *••»••*• plans for
additional wanr-cnnpr/ development in the near fotura, is critkal
becauBs rnurh of the additional ground water needed in the next few
yean wilt of neeeanty be pnvaped in bydrolofically poor areas, or
in areas already extensively developed. The rank will be an in-
creasing iocidenus of scats local water sliortages which may, anlesa
a> oonprehansTM plan is evolved* force adoption of piecemeal xeaae-
dial methods and onasar ration measures that are likely to be both
oosdy and iehvov«iy raeweetivc. Nowhere i; this staation better il-
lustrstsd tasa in the central and southern parts of Dejton. where
groond-wster devdnpsauu genrrally has reached its pracdcal Ihwits
sad locally has ««ieeded these limits.

In Ibis area the Mianu River travvnes what can be called the indus-
trial and commercial heartland of Dayton, From the confluence of
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the Had and Miami Rivers near the Delco and Frigidftire Division
plants,, the Miami River winds southward through the downtown, dis-
trict with its scores of office buildings, hotels, and department stores,
most of which pump large quantities of voter for air conditioners;
it flows past large industrial plants in the southern part of Dayton,
including those of the Delco-Moraine Division and the vast complex
of the National Cash Register Co.: thence it wind* past tlie lagoons
and beautifully landscaped terrain of National Cash Register's Old
River Park, in the bend of a cutoff meander, past nearby Carillon Park
with it« tower of bolls, to leave Dayton in a broad, sweeping meander
on which is situated the large Tait Generating Station of the Dayton
Power & Light Go.

Ground-water pumpage in this vital area is about 30 mgd, and it
has been increasing from the time of earliest records. The hydro-
graphs of observation wells Mr-2, Mt-4, and Mt-6 (pL 2) show that
ground-water levels have generally declined since about 1942, when
the record began. The long-term decline has been moderate but per-
sistent, la 1960, an unusually dry year, ground-water levels in -wells
Mt-S and Mt-6 were the lowest of record, 2-6 feet lower than in the
much publicized drought period of 1958-64.

Although of ominous future portent, the lowering of ground-water
levels has not yet caused general concern. Moreover, given a long
period of normal streamflow and no more than the expected rate of
increase in water use, perhaps a decade or two will paas before low
ground-water levels force a general reduction in pnmpage. During
years of abnormally high streamflow ground-water levels will recover
somewhat, as they did in 1957,1958, and early 1959,

However, as the use of ground water continues to grow in Dayton
and the ground-water levels becomes progressively lower, each
drought will produce increasingly severe demands on the reservoirs,
hastening the time when acute water shortages or remedial measures
become inevitable.

There is Krtle doubt, therefore, that if the growth of Dayton in the
uezt few decades is not to be retarded by rising water costs, ways must
be found to use the ground-water reservoirs at their optimum peren-
nial yield. Streamflow may have to be regulated and manipulated to
take advantage of the increased rotes of infiltration that are associated
with relatively high flows. Methods of maintaining higher rates
of stream infiltration will have to be developed. These may include
dredging or harrowing of the bottom, materials in some areas, or
diversion of flow into specially prepared recharge ponds in other
areas—as is. done, for example, at Rohren Island. Stream pollu-
tion, a matter that has not been explored in this investigation, will
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of pester concern with e»ch passing year, ts a
ly higher percentage of the streamflow is diverted into the underfy-
ing aqmifers. Not only will pollution abatement be necessary to
avoid coBiunhMtkn of veils closest to the source of sack pollution,
but also a •yt"»*»«» in Che amount of chemical and organic wastes
may be leanueu1 to maintain high permeability of the channel bot-
tom. Then is evidence that the "bottom seal* that retards scream
infiltration in para of the Miami River chanad is composed partly
of organic wastes which act principally as a binding oc cementing
agent in faming a nearly impermeable deposit. Finally, ccmerra-
taon siinumu wiH here to be practiced on a large scale. These will
include the nosing of water, ihe retwning of water to the ground,
and sTradsnre of local ureidex etopment of aquifers.

All this impBes thai, the «wt of water in, the Dayton arcs wiD
inevitably go up. This is certainly true, but the cost need not rise to
pratihilrre levels if methods for tV> proper management of tfce
groond-waUr tsmiroei are instituted now. With respect to the
matter of east. Moreover, water generally wilT cost more in the foam,
asd t)w Dayton area wifl merely be in competition with other areas
where large supplies of water are traikble. Piper (IfSS. p. 6) wrote:
Thsa far, avajblnlity of water has been a minor factor in the location
of Bust tndnstnss, but [bere he qnote& Paley and other* (1952, v. i.
p. 86)] * • * <by 1975 waternpply may be die most important factor
affecting indsstrial location.1 Tfcia seams to imply that- indsstry wifl
go to tb* water. Bvt ths distribatton and marketing of industrial
nrodnats is through a pattern of traasportsrion routes and cusssmtrlsl
centen long SUMS eryataIlmd.R

Pipera obssnitim gives pause to some statements that have been
made to the- efsot that "Dayton has no water pmbloai, aa areas can
be fooad within a fsw miles of present, centers of pumping where the
nswiCsn are rirtnmQy undeveloped.'' There an such areas, of course;

MM new industries will be attracted to then> nmdeveikned
, and welk will be drilled m other saeh areas and the water piped

to when it b needed That these things will hare a major effect in
mitigating or delaying water shortagcR in the Dayton area is not to
be denied. However, Dayton and its immediate environs, with its
wtQ-etubfiahed power, transportaaon, and conranmieatkm facilities,
win ccajlimni to hold more attraction for most industrial and com-
mercial enterprises than relatively undeveloped anas many miles from
the main 1mb of bosmess actiriry. Dayton certainly is destined for
more industry, sod that radustnr will need water—water from the
mme sonrem and from weTb> in the cnme general areas from whence
are supplied the present industrial and municipal requirements.
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Special studies and the continuing collection of hydrologic data
insure proper water management and effective conservation

measures. The studies should be directed specifically towards de-
termining more about the mechanics of stream infiltration. Recharge
rates should be accurately determined over a wide range of stream
discharge, and the relationship between various rates of recharge and
specific flows in the streams, sediment, load,, and other factors should be
established. Areas most favorable for high rates of stream infil-
tration should be closely defined, and the effects on infiltration of any
differences that might exist from place to place in the character of the
sediments that make up the bottom of the channels should be de-
termined. These facts are requisite to the design and proper manage-
ment of structures tlmt eventually may be deemed necessary to control
and regulate streamflow for the purpose of increasing the rate of
infiltration, or to determine the best places mid methods for dredging
or harrowing the strcatnbcd. They are likewise needed in the selection
of areas for future ground-water development, and for the instituting
of proper water-conservation measures. Special studies of the type
needed would involve initially the installation of numerous observation
wells in the upper aquifer, establishment of one or more additional
gaging stations, and a program of water-quality and suspended-sedi-
ment study. Techniques and methods of interpretation will of neces-
sity be evolved from the character of the data that are collected.

Additional geologic data, also should be collected in. (he Dayton
area if the best use is to be made of detailed knowledge, that should
become available on the mechanics of scream infiltration. Despite the
large number of drillers1 records of welb in the Dayton area, much
still needs to be learned of the precise character of the aquifers and
especially of the extent, continuity, and hydraulic properties of the
till-rich zone. Additional electric logs and depth-to-bedrock data
would be especially useful to the geologist.

Although generally not a limiting factor in the availability of
ground water, the hydraulic properties of the till-rich zone are locally
considered in setting pumping rates, and determination of the effec-
tiveneta of artificial recharging operations will depend on knowledge
of these properties. For example, the I ill-rich zone controls the
amount of water available from the lower aquifer at Rohrers Island.
and it probably will be a determining factor in the selection of re-
charging methods to be used at rite new municipal well field in the
Miami River Valley north of Dayton. Therefore, future test drilling
and pumping tests should be conducted in the Dayton area to ascertain
the character of the till-rich zone wherever possible.
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of Dayton's ground-water rtamuiig most m-
eriubry involve the cooperation end support of beaiBcss and eom-
nmrity feeders. This support most be b»«d on tn anderstaadisg of
tit* bask hydrokgk a»d geologic facton which u« rapoasibb for

gmmd-wwar reapums, and the recognition that these n-
am no longer be considered 'nsjexhaastihle.* The •BOCOS of

can be i*vred onlr if baaimas leaders.. pabEc
ofiekb, and the general pqllk are kept adequately infonoed of the
itatm of the ground-water nppiy by intelli«eiit and unbia*cd inveati-
gatioo» and naeaick, iadodinfr records of water lorek ta wells.
dianya at rhamiral qnalitr of the grotmd wnter, traub in water vse.
•ad other pertineat data. Until eeTere water shortages are experi-
«nead, it may ant be easy to acqaaint people with rh* need to cuuaeire
sad wisely «se Dayton'j fpoand -water resourcea; however, a» inlonaed
pdbfie might postpone, or defer indefinitely, acute shortage* and
ilMlimflis oompefhion OK the part of water overs, which would be
daaugmar to the ordeily frtnrth of the Devton area and to the pros-
perity of ite<
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